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The Python interpreter and the extensive standard library are freely available in source or binary form for all major
platforms from the Python web site, https://www.python.org/, and may be freely distributed. The same site also
contains distributions of and pointers to many free third party Python modules, programs and tools, and additional
documentation.
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o

Pt =77
ofgj&o]l AFEHE ol AH&3td, 2= AHF3etn A2 FY4S dAsA guth & &9, B2
N2 RAEL AR5 T A, AR S B THO R o 52 9 A A A 5
A€ 5 Atk oA W ALuke A4 ghel o o] B o] A1 GUI $-8 Z2 19, B e AL
BET A4S AT
ok el 2ol A £EI) AUALT, o2 UCHina 2ol HE R £ 2T AYoR U 4 3
e, A =R/ AS A A2/ A 8] P T A e AR H o e 2
o ME )5S 9 H2E 29 E AT, HAE 2 o] s s A4S BASA T
Utk == 2 doj S AMgote 22 a2 A4 F=, %‘r%_ sl 28 Aol AAl & AA s At
A g+ dgu

<
o X
¥

rlo

=

fu

£

v}

4

= Fdofdyrh

You could write a Unix shell script or Windows batch files for some of these tasks, but shell scripts are best at moving
around files and changing text data, not well-suited for GUI applications or games. You could write a C/C++/Java
program, but it can take a lot of development time to get even a first-draft program. Python is simpler to use, available
on Windows, macOS, and Unix operating systems, and will help you get the job done more quickly.

shol & Aol ARSA, AT 2 2wz e Aefele], A =AGEY A S ucel ge
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o] % o] F Qo) & AHgSHE AW st AN E A 2T 5 AUk

stol e ol Re] 2 1AL ol RER s 5 YES S, 4 RS U shol A 221804
AALSE S QG U TR BF RES 0| et tu ol e Re] m2 19 7|22 AH§ 5 vo] A
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CHAPTER 2

shol W 1 E] = 2] €] Ag5}7]

2.1 Qle| = 2] E] A 33}

The Python interpreter is usually installed as /usr/local/bin/python3.12 on those machines where it is
available; putting /usr/local/bin in your Unix shell’s search path makes it possible to start it by typing the
command:

[python3.12 }
A0 A A9 G S T el el 9l A S e el els] e 42 §ol ] g,
HHE A A5 F el ol d AR A A28 Bel A AR Las sleinh (18 5,

/usr/local/python & g & AA&H = A X YYth)

On Windows machines where you have installed Python from the Microsoft Store, the python3. 12 command will
be available. If you have the py.exe launcher installed, you can use the py command. See setting-envvars for other

ways to launch Python.

7|E ZE T E A EOF(end of- ﬁle) B2 (H Yo A= control-D, dE A= Control-2) S Y
St QB ZE| 7 533, T3 AH Z==00] FUth o o] F31A F+=thd quit () HH S

QA Az B E FRAD 5 Ak
21E| 2 2] Bl 3= GNU Readline 2ol 22l 2] & A 981 Alaslol ) & B 71502 o3y 83, 2E
A%, T 44 5 AFGU ohutE WY Wgol AT LA FAsE g UE pE e N 2T
2= 0] 4 Control-p & YRATHE AT, W 3= 227 doid WA Aol AAH T s
A 7o) et 470 B2 O 9 A7l 9 el mEe A% & HAL. of R e gAY AP 7]
U 39 Aol AT G AU B FA BAE AL A3 WA nE 48T

paA — = H T =2

Yoz WYL AR APFUh HAY S A2 FAL AL BFYY ERREERE:
2THEE G APFrh

A second way of starting the interpreter is python -c command [arg] ..., whichexecutes the statement(s)

in command, analogous to the shell’s —c option. Since Python statements often contain spaces or other characters
that are special to the shell, it is usually advised to quote command in its entirety.

g U2ol A, 5ho] M 3x BT El = BE python olele o] £2) A% e AAH A g, Ao AA 5 £ sho] 4l 2.x
oE u+ 13} 35517 = 817) Slaf 4T
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dd glo|W REEL ATHEZE €27 J5UTth python -m module [arg] ... 2 AP 4
SIS, kA module 5 42 5tde] A=H e WA Ro] e AR H AR A F Uk

£EFE Yo A 1), 2 £ ES 4G Fol YEHY mER Solrke Aol AT WA U
Uth 23 HE gof -i 2 Adstd Py

B & &3 5412 using-on-general o] A] 25 4> Q1 U Th

21.1 QA AY

~ARE o B3 F7be] AAEol AEEeE 2 AR ), BAde] BF02 AHE F oys BEL argy
Ao AHUTL dnport sys B A8AA of B0 422 5 et 5o Lol Aot
|3, 2TYHEE F7HY AAE §le A=, sys.argv[0] 2 ¥ ALY YUTH 2T HE o] F& '
(Lx?jaé%i Y2 F W sys.argv[0] = '~ 7]-91414 —c command 7} AFEE M sys.argv[0]
o' B2 AAF YL -m module ©] /\]——Q-QEH sys.argv[0] = 259 AW Z2Ho] HYr} -c
commandb‘r mmodule—ﬂoﬂ 2E FHEL Jo|H AH=ZEH 7} —1—5'—5}}] ka1 W ol L} REo] A2 st
T & sys.argv 2 AEF Yt}

21.2 g3l &

B Sty oA el o, A ZelE 7t 33 RE & AT DU o] REA = 7| R ZEZE
S BAHMA T B2 83, EE A Y -Ho AT 7Y UTE>>); S ER EUA 4
olojA = &Y YES 8 YT = R T2 EV A=, 7 2F R A Y AU (.. ..
JEZHHE A HA ZFZEE A7) Ao A e} AZd FAE 23+ G A AE
93,

$ python3.12

Python 3.12 (default, April 4 2022, 09:25:04)

[GCC 10.2.0] on linux

Type "help", "copyright", "credits" or "license" for more information.
>>>

oAt EL o B2 FHE F2ES 4T W) BRI o] 2 EXW, o)W A9 if Ro] A5
Ytk
>>> the_world_is_flat = True

>>> if the_world_is_flat:
print ("Be careful not to fall off!")

Be careful not to fall off!

3l Reof thel o & Aok, sl R & HAL.

2.2 Qej=2]¥ 2} &7

NEAOZ FolH A2A YEL UTF8LZ T d A7 HFHUTH o] A7 oA=&
Aojoll A AHEH £ FASS EAD 45, il 24 SolA 34 AHEE 5 s Uth GHA T EE
ghol B e gl @ 2] ASCIL 25 A2t 2 ALE3LT Qlid], H8 T =X & o] #el & s 2o
FHUTh) ol EAES BE ulg BA87] S8l A& 94717 9hd o] UTF-89& 14 5] oF 8}, o]
stlo] 2HE RE EAE AQT 5 e FEL AL oF Tt

AIG S 712 g9 Aoz ddsteld, 5149 A ol 5ET o 4 & F7HsloF Funh
THE ol"synt
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[# —*— coding: encoding —*-—

Fd (codecs) & shito] oF Tt

encoding & T}o| M o] A Pdl= A
gdE AL EE A AsEH, &2

o] & £ o], Windows-1252 <12
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=999 5 2L o DA Hojof T
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CHAPTER 3

ool U ool A, 48R 2P 2FZE(> 9 )9 £A o F 2 FEF Ut A E Ay}
AANEZEZEM UYL 0 ZTEZE Fof| 2= RE AES dYsioF FUth ZEZER A FFX
FEEE2VHzYH N Y= ASYUTL A HE ZEZE Qo o} R AR PEE2 W ES
sl of ke ol AL o 22 748 ¥R S W= U

ol Ao o= W2 de (e 2g2E M JHHE As2A%) 42 2481 5yt
spol o A F A2 A FAL #, 2 A F8tal 9] 274 oo Ut 4L E9 Al AT £
AL, FHo ZE Fofl & #= dFUh AT A 2lEE o= 012+ F Utk 44
gle d <holl S38k= sl Al A= F4 o] oty e Al £ YU =42 T E9] o] & 429
Aasty] f1gk AolaL, stoj o] A A ¥+ W, A S dH T we A gUth

# this is the first comment
spam = 1 # and this is the second comment
# ... and now a third!
text = "# This is not a comment because it's inside quotes."

3.1 glo]H & A7 2 483517

2 7} 71eket stol A B AL FAITh Az el B2 AR B ZEZE, >>>, & /| kel AL
(v} 22 A kolok gk
3.1.1 %7}

The interpreter acts as a simple calculator: you can type an expression at it and it will write the value. Expression
syntax is straightforward: the operators +, —, * and / can be used to perform arithmetic; parentheses ( () ) can be
used for grouping. For example:

>>> 2 + 2
4
>>> 50 - 5*6
20
>>> (50 — 5%*6) / 4
(ch sl ol Aol A1)
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(o1 A o] A | A Al)
5.0
>>> 8 / 5 # division always returns a floating—-point number
1.6

A% (18 50 2,4,20)% int YUTh 2557 9 AS ()€ 5015.0,1.6)2 £loat FYYTh
o] A% Ao A %2 BSofl Bl B <pA| 3] b i o g o,

Division (/) always returns a float. To do floor division and get an integer result you can use the // operator; to
calculate the remainder you can use %:

>>> 17 / 3 # classic division returns a float

5.666666666666667

>>>

>>> 17 // 3 # floor division discards the fractional part

5

>>> 17 % 3 # the % operator returns the remainder of the division
2

>>> 5 * 3 + 2 # floored quotient * divisor + remainder

17

gtol o Ae AFAFE AdT wf +*x A3 ARSI TH:

>>> 5 ** 2 # 5 squared

25

>>> 2 ** 7 # 2 to the power of 7

128

Mo e YT e SEEE AT o] 4 0L By s ExE Ao BARE FYL

sy

>>> width = 20

>>> height = 5 * 9
>>> width * height
900

WTbg o= o] 94 ke wf (2 T B Fere wh) ALg S A3k A2 oE g do gk

>>> n # try to access an undefined variable
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
NameError: name 'n' is not defined

442 EAH0s AAFUTH AR OE B9 3 AAAE 2 Q4AE A5 A ANAE D42 WS
ek

>>> 4 * 3,75 - 1

14.0

B3y e A, mhA go] Qs E ERAL W _of thABUTh o] AL shol AL SAHE AN
AT, AL olo] 171 7hE B AN RE T FU T o & Sof

>>> tax = 12.5 / 100
>>> price = 100.50
>>> price * tax
12.5625

>>> price +
113.0625
>>> round(_, 2)
113.06

it

Prx b - B S Ae 0B, -30 2 £ - (3+%2) 2 AHAN AAE -9t HUt 9 & du Ao (-3) 2 E

ST F U

10 Chapter 3. s}o]% 9] 7hekgl &7
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ol Uyt AR ALEA = $171W 7He s ZAAH HgH oo Ut g2 A3 Y eHA vpAl & — whoF
IFA stobE 22 o] 89 A G HFE AR UEE Zo] e, Y 5
A3E EFYTH

int £} float o H3l, 3}o] H-2 Decimal ¢]Y Fraction 52 th2 o KAEE A ATt 3to]
2 HBag o gst s WAea Y, s eFE 7He7led § U a JeAbE AR YTl E
3+579).

3.1.2 Text

Python can manipulate text (represented by type str, so-called “strings”) as well as numbers. This includes char-
acters “!”, words “rabbit”, names “Paris”, sentences “Got your back.” etc. “Yay! :)”. They can be
enclosed in single quotes (' . . . ') or double quotes (" . . . ") with the same result’.

>>> 'spam eggs' # single quotes

'spam eggs'

>>> "Paris rabbit got your back :)! Yay!" # double quotes

'Paris rabbit got your back :)! Yay!'

>>> '1975" # digits and numerals enclosed in quotes are also strings

'1975"

To quote a quote, we need to “escape” it, by preceding it with \. Alternatively, we can use the other type of quotation
marks:

>>> 'doesn\'t' # use \' to escape the single guote...
"doesn't"

>>> "doesn't" # ...or use double quotes instead
"doesn't"

>>> '"Yes," they said.'

'"Yes," they said.'

>>> "\"Yes, \" they said."
'"Yes," they said.'

>>> '""Isn\'t," they said.'
'""Isn\'t," they said.'

In the Python shell, the string definition and output string can look different. The print () function produces a
more readable output, by omitting the enclosing quotes and by printing escaped and special characters:

>>> s = 'First line.\nSecond line.' # \n means newline

>>> s # without print (), special characters are included in the string

'First line.\nSecond line.'

>>> print (s) # with print (), special characters are interpreted, so \n produces.
—new line

First line.

Second line.

BALES BAZ AFHA 2 A FrhE, A BT ol £ S Bol A FEAD (raw
& Qsyth:

>>> print ('C:\some\name') # here \n means newline!
C:\some

ame

>>> print (r'C:\some\name') # note the r before the quote
C:\some\name

There is one subtle aspect to raw strings: a raw string may not end in an odd number of \ characters; see the FAQ
entry for more information and workarounds.

20r2 oo BT B, \n 3} 22 55 EAEL FL0L (... )R SHLE(. .. ) AA 2L 7t AF ULk £ 2o
YT Aolt ALUGE oA 1 B ol 270l F U BEA G FHAT\ " & o] 27 0]3 A Ak FUTH, 1 % JHDrhe

At

3.1, stol& A M7= AH&-3}7) 1
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2Ad AL ole) 22 2 5 AsUth A IS 45 ML EE A8 S ATk
LR L 29 BAbe Ao R RG] 2P SA T E ol \ 2 o] 0| F
WA = dsUh o ol
print (ll 1] n\
Usage: thingy [OPTIONS]
-h Display this usage message
—H hostname Hostname to connect to
Hll")
Eold Aue 2 UG WAl AR LI A e 2ol B L)
Usage: thingy [OPTIONS]

-h
—-H hostname

Display this usage message
Hostname to connect to

2ALL + AAR o]0} o]

AL, x ALEARR REEAID £ S gyt

>>> # 3 times 'un', followed by 'ium'
>>> 3 * 'un' + 'ium'
'unununium'
J
TR ol e EAHE B H B (5, R E S A5) 7 dSEsi A UErE AR5 o ' o] o] 2o Ut
>>> 'Py' 'thon
'Python'’
o] 7% 2 BALE 2ATA Tl S8 £2 Yt

>>> text =

>>> text

'Put several strings within parentheses to have them joined together.

('"Put several strings within parentheses
'to have them joined together.

")

AL 22 F A e Hol v 4 5P B AL BAA & I L Th
>>> prefix = 'Py'
>>> prefix 'thon' # can't concatenate a variable and a string literal
File "<stdin>", line 1

prefix 'thon'
SyntaxError: invalid syntax
>>> ('un' * 3) 'ium'

File "<stdin>", line 1

("un' * 3) 'ium'
SyntaxError: invalid syntax
MSE7E HL Ao FAD 25 AL ool ol T + B A3 oF T Th
>>> prefix + 'thon'
'Python'
FALL QdEa (MH A3YE) F 5 5k 3 AA B dd 200 S F Uk 222 A
MEe B gt Besl dolst 19 B4d AL th
>>> word = 'Python'
>>> word[0] # character in position 0
lPl
>>> word[5] # character in position 5
'nl

A=t ZolAFH Ayt

Chapter 3. s}o]# o] 7+ekat &
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>>> word[-1]
'nl
>>> word[-2]
IOI
>>> word[-6]
lPl

# last character

# second-last character

02 ()Jq_ﬂoug 0_,] o]

st o] A Al AR Ao 25

SHAl 8.

In addition to indexing, slicing is also supported. While indexing is used to obtain individual characters, slicing allows

you to obtain a substring:

>>> word[0:2]

# characters from position 0 (included) to 2 (excluded)

IPy'

>>> word[2:5] # characters from position 2 (included) to 5 (excluded)
'tho'

Seol s AE At W2 )RS 2L 9

WA Qe v} ek W 7| Bghow Setel 4

928 Y5E 7R 0 o] AHg 1
1] 7H A8 Lk

)

>>> word[:2]

# character from the beginning to position 2 (excluded)

g Z2FE A ke Aol FAFAL. o

le'

>>> word[4:] # characters from position 4 (included) to the end

'on'

>>> word[—-2:] # characters from the second-last (included) to the end
'On'

N AR BAE B TP £ 0, B2 A BAL

wZoll s(:1] + sl[i:] & @/ s 2ot

>>> word[:2] + word[2:]
'Python'
>>> word[:4] + word[4:]
'Python'

Seto| 27k F AR PP L 7 Fe
S AQUTh 3 WA 2A) A% FA
Qe 2 p o] FLIth o & ol

—|—‘\1

3t 71X v L oldl AT BRLE

ZHodvth n Ao 22 &

Apele) g1
TAE 2R

71
o2z

12 gy

s
| Pl vyl t | h| ol n|
e e
0 1 2 3 4 5 6

>>> word[42] # the word only has 6 characters
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
IndexError: string index out of range

A e, WIS Aol ks Setel s QY

sy el g Y

A A2 E Yt

>>> word[4:42]
'on'

(th& sl o] A ol Al<)

3.1, stol& A M7= AH&-3}7)
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(o1 sl o] Al el A A%

shol Wl AP L W A% S ghek— 29 o2k gk TeA BAGe) ez Fad Aol Bt
2 39 ol el & Jo e
>>> word[0] = 'J'
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: 'str' object does not support item assignment
>>> word[2:] = 'py'
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: 'str' object does not support item assignment
tE Exdo] B s, A% vs o] of P Th:
>>> 'J' + word[1l:]
'Jython'
>>> word[:2] + 'py'
'Pypy’

W g4 len() & EA19e 4ol & 285Utk

>>> s = 'supercalifragilisticexpialidocious'
>>> len (s)
34
T 17
textseq
FALL B2 Y o) IFo| T, AV27F A U3HE BF A4S0 ALF Uk

string-methods

AL 71 EA A} AL 08 o) A MAEES AAF T

f-strings

formatstrings
str.format () &2 FAE S ZW3F= ol tist JH.
old-string-formatting
o] ol A EAFAS % AN} Al ALgBHE o A YA 2] Zoj ol Bl E o ASHA B

2 Y&t

gtolx & thE FES Yol gl B Fedl ARSE = o8 7HA A3 E (compound) A5 B2 431 54 th
7VE 540l A AL H2E A, 23 Aojo] g2 228 F(FHEY FF5or 298 ¢
HUTh B2EE AR T2 39 FBEL EFT 5 AT, GBS BT 22 Fol A¢t B
>>> squares = [1, 4, 9, 16, 25]

>>> squares

[1, 4, 9, 16, 25]

FAL (2T, 02 BRE WG DL FBAY PoEE AdAST Sl 4T 5 st

14 Chapter 3. z}o]#l 2] 7keFst A7)
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>>> squares[0] # indexing returns the item

1

>>> squares[—1]

25

>>> squares[—-3:] # slicing returns a new list
[9, 16, 25]

gaEr olojio]7] 2L ANE A AT

>>> squares + [36, 49, 64, 81, 100]
[+, 4, 9, 16, 25, 36, 49, 64, 81, 100]
J
=29 ZAERE 2, 2B /M dUth S WSS HAE = dsth:
N
>>> cubes = [1, 8, 27, 65, 125] # something's wrong here
>>> 4 ** 3 # the cube of 4 is 64, not 65!
64
>>> cubes[3] = 64 # replace the wrong value
>>> cubes
[1, 8, 27, 64, 125]

You can also add new items at the end of the list, by using the 1ist .append () method (we will see more about
methods later):

>>> cubes.append (216) # add the cube of 6
>>> cubes.append (7 ** 3) # and the cube of 7
>>> cubes

[1, 8, 27, 64, 125, 216, 343]

Simple assignment in Python never copies data. When you assign a list to a variable, the variable refers to the existing
list. Any changes you make to the list through one variable will be seen through all other variables that refer to it.:

>>> rgb = ["Red", "Green", "Blue"]
>>> rgba = rgb
>>> id(rgb) == id(rgba) # they reference the same object
True
>>> rgba.append("Alph")
>>> rgb
["Red", "Green", "Blue", "Alph"]
J
RE elo] s A 2 A FREL YL A B|2ES BeF U o)k the 3 2L ol 2Tt
Pl fRe Ee BARS BYETHE FYUT
>>> correct_rgba = rgbal:]
>>> correct_rgba[-1] = "Alpha"
>>> correct_rgba
["Red", "Green", "Blue", "Alpha"]
>>> rgba
["Red", "Green", "Blue", "Alph"]
Zefol o] Y BHe A% Ab5RY), PAES] Fo|E WA S Y1, BE FES AAT 223 A5 Y
t}:
>>> letters = ['a', 'b', 'c', 'd', 'e', 'f', 'g'l
>>> letters
["a', 'b', 'c', 'd', 'e', 'f', 'g'l]
>>> # replace some values
>>> letters([2:5] = ['C', 'D', '"E']
>>> letters
('a', 'b', 'C', 'D', 'E', 'f', 'g']

>>> # now remove them

(Th& sl o] A ol Al<%)

3.1. slo]Hg A7 2 2817 15
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(o] 3| o] A ol A Al)
>>> letters[2:5] = []
>>> letters
[*a', 'B', '£', 'g']
>>> # clear the list by replacing all the elements with an empty list
>>> letters[:] = []
>>> letters

[]

Wd < len() 2 FAEAE HEHYth:

>>> letters = ['a', 'b', 'c', 'd']
>>> len(letters)

[la" lbl, ‘Cl]
>>> x[0][1]
'bl

32 g ogo AL

Of course, we can use Python for more complicated tasks than adding two and two together. For instance, we can
write an initial sub-sequence of the Fibonacci series as follows:

>>> # Fibonaccl series:
# the sum of two elements defines the next
. a b=20, 1
>>> while a < 10:
print (a)
a, b =Db, atb

0 Ul W NP P O

OE Y S ERHT QEUTH B4 a b o A g0 o] THYFUTh v E
A A8 ], T o] of = St o] R0 7] Mol W] ERA S o] BE A 4E Uk,
ool BRAL AENE 9 2E0 2 A £A TR ALE T

e while 2Z = XA (7] E:a < 10)°] &2 et A U} C& ulz7tA &2 slo] Mol A 0
o] old BRE A4+ o], 02 AZ YU 2AL ZFAE oY H2E (A BE /79 A1ED)
7hE 5 JEd 20710 o] ofd A2 BF ol
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The print () function writes the value of the argument(s) it is given. It differs from just writing the expression
you want to write (as we did earlier in the calculator examples) in the way it handles multiple arguments,
floating-point quantities, and strings. Strings are printed without quotes, and a space is inserted between items,
so you can format things nicely, like this:

>>> 1 = 256*256
>>> print ('The value of i is', i)
The value of i is 65536

AAbend = 28 2ol TFH = NPEAE AAGAU 282 e ALE A st

o) A5 U o

>> a, b =20, 1

>>> while a < 1000:
print (a, end=',")
a, b = b, atb

0,1,1,2,3,5,8,13,21,34,55,89,144,233,377,610,987,

L ZEaggoego] AS 17
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As well as the while statement just introduced, Python uses a few more that we will encounter in this chapter.

41 if &+

ohvhE 14 F G A £ YL if B Y AGYT o8 Sol:

>>> x = int (input ("Please enter an integer: "))
Please enter an integer: 42
>>> if x < 0:

x =0

print ('Negative changed to zero')
elif x ==

print ('Zero'")
elif x ==

print ('Single')
else:

print ('More')

More

QA ol A9 elif ¥/ 918 5 9T, else £ AHAYUTH AYE ‘elif & elseif’ o £
EANY, BE G FoA2IE T W] FEFUTE £ = elif = elif -« AP2E T2 HoFol A

W AE = switch Y case & tjAIg Yo}

If you’re comparing the same value to several constants, or checking for specific types or attributes, you may also
find the mat ch statement useful. For more details see match Statements.

19
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42 for ¥+

sfol

A
Al

2 o]
S o1l lel 8 Ak (8 AL A o1 o)
sto]l M 9] for 2L Ao AJAA (FAEY EA1Y)90 FEES T A|AA
olg g o] d FUth o & Eof (FA o] of e

O

>>> # Measure some strings:

words ['cat',
>>> for w in words:
len(w))

= 'window', 'defenestrate']

print (w,
cat 3
window 6
defenestrate 12

# Create a sample collection
users = {'Hans': 'active', 'Eléonore'
# Strategy:
for user, status in users.copy ()
if status == 'inactive'
del users[user]

Iterate over a copy
.items () :

# Strategy: Create a new collection

active_users {}

for user, status in users.items() :
if status ==

active_users[user]

'active'

status

4.3 range () T4

A AAAE olH el ER B2 7}

>>> for i in range(5):

print (1)
0
1
2
3
4
T2 el A= ol ZFH A F5UTH range (10) 2 10709 3k RFE=], 2 0] 1091 A @29
FEES Jhel7) e e QUAE QU A7 OE SAR AGFALY, THE SRS (52
Fs U Th I o] 218 28 (ep) o 2k FEUIEh A AT A% b5k
>>> list (range (5, 10)) |
[5, 6, 7, 8, 9]
>>> list (range (0, 10, 3))
[0, 3, 6, 9]
>>> list (range (=10, -100, -30))
[-10, -40, -70]
20 (3hapter4. 7]E}Xﬂ°1ii%%I£:F
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AB2e] AHAER ol Bl o] = e ¥, & A F range ) % 1en () & AHT 5 UsiHiTh

>>> a = ['Mary', 'had', 'a', 'little', 'lamb']
>>> for i in range(len(a)):
print (i, alil)

0 Mary

1 had

2 a

3 little
4 lamb

AT 28 wf) 22, enumerate () §FE 2+ ol AYPFYUY, FZ HIY & BHA L.

WS 1 A5 ol 4T Lol ol itk

>>> range (10)
range (0, 10)

w470l range () 7t 28 AA = 2| 2EQ A H F4SA T AME 2] A E 7} obd U T o] B | o]
Edu Aot AdE FEES SAUNE 8T AA o)A AA R 2| 2EE WA YotA 3=
A ook

oA A E o] Ele] & olgk: REULEL B0l 27D W7hA Y FEES AL 5 A LAANE
71 et 2 TR EEY] BHACE AP S8l for o] 218 FREJ S BUFUTH °H
8¢ Aske B4l ol sun() YU

>>> sum(range(4)) # 0 + 1 + 2 + 3

6

Later we will see more functions that return iterables and take iterables as arguments. In chapter A} 5 =%, we will
discuss in more detail about 1ist ().

4.4 F 3= 9] break 2} continue ¥, 18|31 else &

The break statement breaks out of the innermost enclosing for or while loop.

A for or while loop can include an else clause.

Ina for loop, the e1se clause is executed after the loop reaches its final iteration.

In a while loop, it’s executed after the loop’s condition becomes false.

In either kind of loop, the e 1se clause is not executed if the loop was terminated by a break.

This is exemplified in the following for loop, which searches for prime numbers:

>>> for n in range (2, 10):
for x in range (2, n):

if n $ x == 0:
print (n, 'equals', x, '*', n//x)
break
else:
# loop fell through without finding a factor
print(n, 'is a prime number')

is a prime number
is a prime number
equals 2 * 2
is a prime number
equals 2 * 3
is a prime number

~ o U W N

(Th= ol Aol A<

4.4, £ 9 break 9} continue &, 18] else A 21
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(o] 3| o] A ol A Al)
8 equals 2 * 4
9 equals 3 * 3

(o122 ¥ TEQUTh AAF Eolthi ¥ else A& if Fo] ohfe} for Fxo S Th)
37

A AFRE u, else AL if BEHUE try 9 else AT vjdl Hol WHUTH try 9
1se A2 o9l 7} WATA e af AW 3, $29) else BLbreakst PATA g ol AAH Y,
ry T3} ol e o &3t Z‘Hﬂ?ﬂ Y& Q] Aestr] & EH]JL-

continue &2, JA ColA AHFYH Fx22] th= o]H & o] dol A AlLste= w5yt

>>> for num in range (2, 10):

o

if num % 2 ==

print ("Found an even number", num)
continue
print ("Found an odd number", num)

Found an even number 2
Found an odd number 3
Found an even number 4
Found an odd number 5
Found an even number 6
Found an odd number 7
Found an even number 8
Found an odd number 9

o}
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E=)

>>> while True:
pass # Busy-wait for keyboard interrupt (Ctrl+C)

H 4] FehaT vE W) 3] A8 U

>>> class MyEmptyClass:
pass

J

AMIES AAD o ey 247 vy e 22 & A 2 dd,
g 5 QA FUth pass & 243 FAHUTH

pass7FAHEE 4 &=
oefFo]l o FAHA 5

>>> def initlog(*args):
pass # Remember to implement this!

731—

o}
Zol4 4

-
o

N r[r

=
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4.6 match Statements

A match statement takes an expression and compares its value to successive patterns given as one or more case
blocks. This is superficially similar to a switch statement in C, Java or JavaScript (and many other languages), but it’s
more similar to pattern matching in languages like Rust or Haskell. Only the first pattern that matches gets executed
and it can also extract components (sequence elements or object attributes) from the value into variables.

The simplest form compares a subject value against one or more literals:

def http_error (status):
match status:

case 400:

return "Bad request"
case 404:

return "Not found"
case 418:

return "I'm a teapot"
case _

return "Something's wrong with the internet"
J

Note the last block: the “variable name” _ acts as a wildcard and never fails to match. If no case matches, none of
the branches is executed.

You can combine several literals in a single pattern using | (“or”):

case 401 | 403 | 404:
return "Not allowed"

Patterns can look like unpacking assignments, and can be used to bind variables:

# point is an (x, y) tuple
match point:
case (0, 0):
print ("Origin")
case (0, vy):
print (£"Y={y}")
case (x, 0):
print (£"X={x}")
case (x, Vy):
print (f"X={x}, Y={y}")
case _
raise ValueError ("Not a point")

J

Study that one carefully! The first pattern has two literals, and can be thought of as an extension of the literal pattern
shown above. But the next two patterns combine a literal and a variable, and the variable binds a value from the subject
(point). The fourth pattern captures two values, which makes it conceptually similar to the unpacking assignment
(x, y) = point.

If you are using classes to structure your data you can use the class name followed by an argument list resembling a
constructor, but with the ability to capture attributes into variables:

class Point:
def _ init__ (self, x, vy):
self.x = x
self.y =y

def where_is (point) :
match point:
case Point (x=0, y=0):
print ("Origin")
case Point (x=0, y=y):
print (£"Y={y}")

(h& sl o] A ol Al<%)
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(o] A o] A | A AL)
case Point (x=x, y=0):
print (£"X={x}")
case Point () :
print ("Somewhere else")
case _
print ("Not a point")

You can use positional parameters with some builtin classes that provide an ordering for their attributes (e.g. data-
classes). You can also define a specific position for attributes in patterns by setting the __match_args___ special
attribute in your classes. If it’s set to (“x”, “y”), the following patterns are all equivalent (and all bind the y attribute
to the var variable):

Point (
Point (
Point (
Point (

1, wvar)

1, y=var)
x=1, y=var)
y=var, x=1)

A recommended way to read patterns is to look at them as an extended form of what you would put on the left of
an assignment, to understand which variables would be set to what. Only the standalone names (like var above) are
assigned to by a match statement. Dotted names (like foo . bar), attribute names (the x= and y= above) or class
names (recognized by the “(---)” next to them like Point above) are never assigned to.

Patterns can be arbitrarily nested. For example, if we have a short list of Points, with __match_args___ added,
we could match it like this:

class Point:

__match_args__ = ('x'", 'y")
def _ init__ (self, x, y):
self.x = x
self.y =y

match points:
case []:
print ("No points")
case [Point (0, 0)]:
print ("The origin")
case [Point(x, y)]:
print (f"Single point {x}, {y}")
case [Point (0, yl), Point (0, y2)]:
print (f"Two on the Y axis at {yl}, {y2}")
case _

print ("Something else")

We can add an i f clause to a pattern, known as a “guard”. If the guard is false, mat ch goes on to try the next case
block. Note that value capture happens before the guard is evaluated:

match point:
case Point (x, y) if x == y:
print (£"Y=X at {x}")
case Point(x, vy):
print (f"Not on the diagonal")

Several other key features of this statement:

* Like unpacking assignments, tuple and list patterns have exactly the same meaning and actually match arbitrary
sequences. An important exception is that they don’t match iterators or strings.

¢ Sequence patterns support extended unpacking: [x, vy, *rest] and (x, y, *rest) work similar to
unpacking assignments. The name after * may also be _, so (x, y, *_) matches a sequence of at least
two items without binding the remaining items.

e Mapping patterns: {"bandwidth": b, "latency": 1} captures the "bandwidth" and

24 Chapter 4. 7|} Alo] 52 £7
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"latency" values from a dictionary. Unlike sequence patterns, extra keys are ignored. An unpacking like
**rest is also supported. (But **_ would be redundant, so it is not allowed.)

 Subpatterns may be captured using the as keyword:

[case (Point (x1, yl), Point(x2, y2) as p2):

will capture the second element of the input as p2 (as long as the input is a sequence of two points)

* Most literals are compared by equality, however the singletons True, False and None are compared by
identity.

 Patterns may use named constants. These must be dotted names to prevent them from being interpreted as
capture variable:

from enum import Enum
class Color (Enum) :

RED = 'red'
GREEN = 'green'
BLUE = 'blue'
color = Color (input ("Enter your choice of 'red', 'blue' or 'green': "))

match color:
case Color.RED:
print ("I see red!")
case Color.GREEN:
print ("Grass is green")
case Color.BLUE:
print ("I'm feeling the blues : (")

For a more detailed explanation and additional examples, you can look into PEP 636 which is written in a tutorial
format.

47 4 B el

SRR $£de Qoo HErA EEee A48 BE 4 ST

>>> def fib(n): # write Fibonacci series up to n
"""Print a Fibonacci series up to n."""
a, b=20, 1
while a < n:
print (a, end="' ")
a, b = b, atb
print ()

>>> # Now call the function we just defined:
£ib (2000)
0112 358 13 21 34 55 89 144 233 377 610 987 1597

7|9 E defe T B E AFFULE T o] 5H 2T E A FA i AbFEY FF o] FHupF
g i & FAskE #FEC] ol Al Al e 3, = A] S of2a7) H o] of Futh

e vbrel A WA 2 Adudoz A gHdo] g 5 YsUth ol EAE HE L T =
Welo]d BAL, & FAEF (docstring) QU T (FAEF o] o) &AM & 8- = ulE| o] A A o]
UFuth) S2EYE ARSI A 2k ol A4 d AHAE AF A AL AHE Al Hst P o s
FEE BT F YRR e EFE] YFUTh oo AAste ZEo S2EYS R ehE AL
T2 AFAUE 2Y ¥ RS £l Aol FHUTh

o] A3 T4 AG M4ES A A AR HeolBS iUtk & o FAROR, F5oA
RE WS A YEL e A d AE HlolHo] AT o] M Bt WA A AR Ho|BE
B os, A9 A HOES & &, Aoz YR o] 552 Hol &2 AUtk 2dA, Fx2 =

4.7. 3t A 951y 25
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drrstets, A Hpsd S8 o Has2 5 ellA AH ghel g2 %i Yok (d
M2 global Bog HAGFA L SHALE S W4 nonlocal ¥ 2 B8 i °1).
T o2 AEs s AA i es QAS) 2 sed W SE5 = 959 Xl A A& ol Eof v
Auth 2AA AAES ol o] & &2 (call by value) 2 AP U Th(Fh2 T2 AA 9] ghol ok 2t AA
AzAYUh.! dergedes 328, 2= S Al g oz Zﬂtﬂ% AZES A A
A& El o] Eo] REEoFYTh

7

o) = G ol B2 A AR B0l B T4 AN AF UL AH e S o] Fo] Al
AN E g Ae G5 AT ThE ol L 2L 84 ANE 1D 5 gom Gl 9 s
o AH8E 2 s

>>> fib

<function fib at 10042ed0>
>>> f = fib

>>> £(100)

0112 358 13 21 34 55 89

2 AolE8 AT, £ib 7k e BT 871 Wlo] @47k ofule Ze AT 42 5
9&UTh A, return Fo] i FHE g Sl F U U3 w3 go] 71 S wh o] 4 None

013}1%%‘45}(”1%‘01‘2?414@) None ©o] E8& F L4 gtolztd, I Z 2 E& -8 None #5485
AR Tk B B2 ATk print O FAHET 5 YU Th

>>> fib (0)

>>> print (£ib (0))

None

Ahate AL, S HLH £ 99 $AE B AES BUFE 58 43 A% s h
<
>>> def fib2 (n): # return Fibonaccli series up to n
"""Return a list containing the Fibonacci series up to n."""

result = []
a, b =20, 1
while a < n:
result.append (a) # see below
a, b = b, atb
return result

>>> £100 = £ib2(100) # call it
>>> £100 # write the result
(o, 1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89]

AL w A g, o] dl&= % 7HA A oA 75 & R F Ut
e return w2 YTEFEH S 20 BAGA Ut 94 AR 9l return 2 Noned &9
FUth @59 o2 BojA ¥ I A NoneS EelFUTH

e The statement result .append (a) calls a method of the list object result. A method is a function
that ‘belongs’ to an object and is named obj .methodname, where obj is some object (this may be an
expression), and methodname is the name of a method that is defined by the object’s type. Different types
define different methods. Methods of different types may have the same name without causing ambiguity. (It
is possible to define your own object types and methods, using classes, see =2l 2~) The method append ()
shown in the example is defined for list objects; it adds a new element at the end of the list. In this example it
is equivalent to result = result + [a], butmore efficient.

«

i

ARAZ, AA Zzxo| 98 F (call by object reference) ©] B £-2 3 eld], 71'A AA| 7} Ad=H, &A= 35 EAH7F W

+ A7 W EIUT (1 A= 5e 27HghTh.

e
o —
filo
e
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def ask_ok (prompt, retries=4, reminder='Please try again!'):
while True:
reply = input (prompt)
if reply in {'y', 'ye', 'yes'}:
return True

if reply in {'n', 'no', 'nop', 'nope'}:
return False
retries = retries - 1

if retries < O:
raise ValueError ('invalid user response')
print (reminder)

o] g4t olel ZHA P oz 528 4 AFUT
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i=25

def f (arg=1i):
print (arg)

[
(o)
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A%E 52 7o) 712 gtol FHHA @715 BT, GA F4E ol o7 £ 5 JHU)
def f(a, L=None):

if 1L is None:

L =11

L.append (a)

return L
4.8.2 7|9 & 2=}
F AR A B2E 5 AU A E Bol, b 5 E:

St4= kwarg=value 419 7|9 = 2z &

def parrot (voltage, state='a stiff',

action="'voom',

type="'Norwegian Blue') :

print ("-- This parrot wouldn't", action, end=' ')

print ("if you put", voltage, "volts through it.")

print ("-- Lovely plumage, the", type)

print ("-- It's", state, "I!")
shube] B AAf(voltage) o Al 7)1 o] A=A A} (state, action, type) 8 ot dUTh o] &
Be3 2L M F R Ao 55 4 YLt
parrot (1000) # 1 positional argument |
parrot (voltage=1000) # 1 keyword argument
parrot (voltage=1000000, action='VOOOOOM'") # 2 keyword arguments
parrot (action='VOOOOOM', voltage=1000000) # 2 keyword arguments
parrot ('a million', 'bereft of life', 'jump' # 3 positional arguments
parrot ('a thousand', state='pushing up the daisies') # 1 positional, 1 keyword

SHAT I 22 2EES

2% gutax guvnh

parrot ()

parrot (voltage=5.0, 'dead')
parrot (110, voltage=220)
parrot (actor='John Cleese')

HH FH I K

unknown keyword argument

required argument missing
non-keyword argument after a keyword argument
duplicate value for the same argument

T T2oA, 719 E

SEECE

ol
lL°UFad4ﬂﬂ“W¥dﬁﬂ%%%ﬂemUK—pmrw

FAEE 27

F 83504 gt

A} 5ol vebo gty dgE B
o] g ohE
SE Ut (o & 9], parrot (voltage=1000) &

£ F9E QA Pohdobs

1747} ohTh, 2 A=

L
=

m—uq>ﬂﬂw4ccmﬂ*4 @ e 4 gl auth of 7], of A SFu)Fol A3 s ol 7t & iTh
>>> def function(a):
pass
>>> function (0, a=0)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: function() got multiple values for argument 'a'

“+name 3 419] v} ¥ 4] v 5

S &2 g A8 (typesmapping & E A 2) & w5 Ut o A
FAo A iAo 23 5 =T, B4 R

Sroll vetop ) ¢lE

(*name2 **name

7} 2SR, G4 v

=2
=

T% golstd:

ol 5314 = EE 7|9 AR
*name (Th A| BA M ol A A gt}
9He] 1A AAES B2 TS wEUTh

def cheeseshop (kind, *arguments, **ke
print ("-- Do you have any", kind,
print ("-- I'm sorry, we're all ou

for arg in arguments:
print (arg)

print ("-" * 40)

for kw in keywords:

print (kw, ":", keywords[kw])

S
l__T
Sol, ol®l &
ywords) :
"?")

t of",

kind)
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@ Aoz 529 4 dah

cheeseshop ("Limburger", "It's very runny, sir.",
"It's really very, VERY runny, sir.",
shopkeeper="Michael Palin",
client="John Cleese",
sketch="Cheese Shop Sketch")

a2)a s ol FA gy o

—-— Do you have any Limburger ?

-—— I'm sorry, we're all out of Limburger
It's very runny, sir.

It's really very, VERY runny, sir.
shopkeeper : Michael Palin

client : John Cleese

sketch : Cheese Shop Sketch

ANF = 7| E AA=Y A4 T T2 A e/ A Fo] g ol F538H4 2.

4.83 =% 7] WS

SRS ER L S ACE S

¥4 A9l 0T 2HUT

def f (posl, pos2, /, pos_or_kwd, *, kwdl, kwd2):

| Positional or keyword
| - Keyword only
—— Positional only

o714 /9 v AEAGUTE ALY, o] AT AR} Fol ALH £ WAlo] WE v W)
FFE YUt 91X A48, 447195 L A19E A5, A= vh) A5 3 FE (named) oA
W4etaE gt

2]x]-7]¢) = (Positional-or-Keyword) 21z}

5 Aol /97 Yo, ARE AANUYAYEE G50l ATF 5 AU

A2 A& w7 A4

% o AASA Ao RE, 54 A A5 E 9K A
o A F23A0, AR W) WSS AL
FPUTE /= 91X A8 v WSS YA v
5 Aol /7 gom, 91X Ag WA MR g5yt
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34 o A

/& A o 2 & g ol v AA F A E nH YA

>>> def standard_arg(arg):
print (arg)

>>> def pos_only_arg(arg, /):
print (arg)

>>> def kwd_only_arg(*, arg):
print (arg)

>>> def combined_example (pos_only, /, standard, *, kwd_only):
print (pos_only, standard, kwd_only)

rok

A WA 4= J 9] standard_argyE 7P 5
%%ﬂQﬂﬂiiﬁ%%Aﬂﬁqq.

A0, BF FHol LA AT A ghon A%

>>> standard_arg(2)
2

>>> standard_arg (arg=2)
2

S WA 84 pos_only_argls B4 Aol /7t Jom 95 i) WAw A HES A

rol
i)
v
v

>>> pos_only_arg(l)
1

>>> pos_only_arg(arg=1)
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
TypeError: pos_only_arg() got some positional-only arguments passed as keyword.
—arguments: 'arg'

Al A 4 kwd_only_argse & Ao olA 2 BA1E 719 = A §8 o

>>> kwd_only_arg(3)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: kwd_only_arg() takes 0 positional arguments but 1 was given

>>> kwd_only_arg (arg=3)
3

uhA e 2o g4 Aol A Al 4 EE FH e BT A FUTH

>>> combined_example (1, 2, 3)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: combined_example () takes 2 positional arguments but 3 were given

>>> combined_example (1, 2, kwd_only=3)
12 3

(h& sl o] A ol Al<%)
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(o] A o] A | A AL)
>>> combined_example (1, standard=2, kwd_only=3)
12 3

>>> combined_example (pos_only=1, standard=2, kwd_only=3)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: combined_example () got some positional-only arguments passed as keyword.
—arguments: 'pos_only'

upx]eto 2, $1 4] 912} name ¥} name& 7| & 7FA & **kwds Abolof] FAf A FEo| Y= ol - BYE
AT AL
def foo (name, **kwds):
return 'name' in kwds
"name' 7| ¥ == A A WK v AFo AESEE TrueE WSS 4 JE= T2 E7sSYY
g =¥
>>> foo(l, **{'name': 21})
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: foo() got multiple values for argument 'name'
>>>

S /(AA A% AN E AE5E, nane A4 AAZ, SO name' & AN e 712 A5
F ez Fsgch

>>> def foo(name, /, **kwds):
return 'name' in kwds

>>> foo(l, **{'name': 2})

True
%, 914 A vl W40) o] 5 *rkwdsol A REF glo] AR 5 Ut
HA
=

g AR B4 Sl A o W) W8 S EA ARG Tk

[def f (posl, pos2, /, pos_or_kwd, *, kwdl, kwd2): }
Ao ZA:

o U7} M5 O] S-S ARG AL ARE T 5 QUES S W A AG-2 ALSSAIA L. w7 W o] Fol
AA U7 gl o, TV S22 o] AR A E A L T o, B dF 4] vl Haes}
Qo) 719 =8 wolEol 1 S u) $- 3T}

-ﬂEﬂqmn&zz¢gq7ﬂ%%%xasiﬂﬁﬁziwﬂﬂﬂw1ﬂ%ﬂﬂquﬁﬂﬂ
AeE £ AAte) 979 o £l Eohe s ol ® 719l = A2 AL L

* APIS] -9, &% mi7) 9] o] 5ol A E uf |52 API H A o] LA sH= 212 WA A 9] 4|

AL AR A L.
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484 9ele) Q1A BE

sA e 2, 714 A EE sS4 4Tt g0 A4 AR 55Y 4 JEE AAeE AT
o] AAEL EET BT (FE) AT~ 2 WAL 7hA o] A ol AL of ] Fje] At
AR50l & % 95U,

def write_multiple_items (file, separator, *args):
file.write (separator.join (args))

Normally, these variadic arguments will be last in the list of formal parameters, because they scoop up all remaining
input arguments that are passed to the function. Any formal parameters which occur after the *args parameter are
‘keyword-only’ arguments, meaning that they can only be used as keywords rather than positional arguments.

>>> def concat (*args, sep="/"):
return sep.join (args)

>>> concat ("earth", "mars", "venus")
'earth/mars/venus'

>>> concat ("earth", "mars", "venus", sep=".")
'earth.mars.venus'

485 QA7 %= 1 97

QA E o] ofu] B AEU FEe YAT, Helf 9K AAELS L7 E 5 T22 98 A A o3t
< A7 wh) Aol Foj Pyt o & £°, W& range () &rE XY start®} stop AAE 7| U o
DT W A o w, JAEN FEYH A4S A Qo) A - ANAE ASHA BT
sZ5 Uk

>>> list (range (3, 6)) # normal call with separate arguments

[3, 4, 5]

>>> args = [3, 6]

>>> list (range (*args)) # call with arguments unpacked from a list

[3, 4, 5]

e Ao AU E - ARAE A JIAE AAE ADE 5 9

>

Yt

>>> def parrot (voltage, state='a stiff', action='voom'):

print ("-- This parrot wouldn't", action, end=' ')
print ("if you put", voltage, "volts through it.", end=' ')
print ("E's", state, "!")
>>> d = {"voltage": "four million", "state": "bleedin' demised", "action": "VOOM"}

>>> parrot (**d)
—— This parrot wouldn't VOOM if you put four million volts through it. E's bleedin
— ' demised !

4.86 Tct B HA

lambda 7|1 EE S 21 o & G 52 BE S ASUTh o] G5
Yth: lambda a, b: atb. &5 A7} glefok s Folw ojtu} e} 3
FyAozE s 8R40 AP gu Aoz, duAL B4 4
FH9 T4 AI9AY, FH AL TR 2nzof g !

>>> def make_incrementor (n) :
return lambda x: x + n

>>> f = make_incrementor (42)
>>> £ (0)
(Th sl o] A ol Al
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(o1 sl o] Al el A A%

42

>>> f(1)

43

o) ol B g BeFY) A9 Bk EAAL AU EOE SEE 2 P4 E AR AL
A

>>> pairs = [(1, 'one'), (2, 'two'), (3, 'three'), (4, 'four')]

>>> pairs.sort (key=lambda pair: pair[1l])
>>> pairs
[ (4, 'four'), (1, 'one'), (3, 'three'), (2, 'two')]

4.8.7 =57 9E|o)Hd Ex1d

of 7)ol =5 H ol d EAL e W&} 2 g ofl &3 | 74A] e 7 st

A Ee B4 A $AL 1, 1AA 230 o Stk BATE A, AA S ol 5]t L
NAHo 2 AFEA grofof S, o] AEL OE W02 AT mA T (o] Fo] Bo] A2
9ok SAEhH o] T, o £ ol B AR A Reha vl H E2 B iof gt

Aol d BAdo) el 20 o T A 2 wol ol N AR E S o o 4
Relsfor gLtk Azt 252 52 A
Fuch

ol AL o1 & BA E o4 Sol s € A AN 7 o], A E ALl =T E
B Solslg AATL oA e B2 22 Hel & AU BAde) AT Aol o1
WA 0o 9 x] L Fo] AA SR EAL] SAnT] £ES D ﬂ@uw<fa%a§
AT 4 g, QU0 2 AL L A HSE 08 ol Bolglo] A Boj ] EAD elE 2] A
HLd5HR] k7| Wl E Y Ut)) o] E AT «“T 58 FWo] BRI P RE =9 A|Z BHEA A AH
. & Eoj27] ® Fo] LhebA & otk kA v, LhehdthE RE Rzl Fulo] A A Ut 3
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>>> def my_function():
"""Do nothing, but document it.

No, really, it doesn't do anything.
mrmirn

pass

>>> print (my_function.__doc_ )
Do nothing, but document it.

No, really, it doesn't do anything.

4.8.8 3t o] - E| o] A

T ol o) M 2 AHEAF A T4 A FEO) T & E A9 A WEtd o] AR Yt
(XW s uyge PEP 3107 3} PEP 484 & H A 8).

Annotations are stored in the __annotations___ attribute of the function as a dictionary and have no effect on
any other part of the function. Parameter annotations are defined by a colon after the parameter name, followed by
an expression evaluating to the value of the annotation. Return annotations are defined by a literal —>, followed by an
expression, between the parameter list and the colon denoting the end of the de f statement. The following example
has a required argument, an optional argument, and the return value annotated:

48. 3 Aol ¢ B 33
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>>> def f (ham: str, eggs: str = 'eggs') —-> str:
print ("Annotations:", f._ _annotations_ )
print ("Arguments:", ham, eggs)
return ham + ' and ' + eggs

>>> f ('spam')

Annotations: {'ham': <class 'str'>, 'return': <class 'str'>, 'eggs': <class 'str'>}
Arguments: spam eggs

'spam and eggs'

4.9 ©713: 39 Aete
ojA A2 FtolH e v 4a, o B 24ES At L FUTh Y 2Ll thE) 2E A H s
AIZFGU T iR & doj= AR T8 28d 2 A48 (Ev o e, 29E) 5 syt o d
A2 4S50 g g7 gsUth bt E g0 A EY ZEE Q7 FA de= A2 F4 £
AAZtolal, EFstIY AEY S =Yt A2 21Z8A st=d E == FYth
to] A S H8l, hFE 22 A E7L 1581 2 Y 7o =& PEP 80] UgtEUth; o] 242 mj % ¢17]
Ha o] AN 9 284S AUt BE Fol A /A= AA 7= o] FAE gojoF YTt
A= A8l M s8R EES FHESs YU
o S 270 4-A5| o] A F ARG BHL, § S ARG SHA] mhAl R
4708 AaFolAaes FHE Eq27] (H B2 T3 € =53 Uth & & E4271 (8171 54 th
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e T9AE WA A== E EA AL
o] AL AL U 7 AR ALE FI 2 3o A= oy ZE ot ES e B 5 A Ut
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e 7heettd, S22 EEY E2 YoM 8
s SAEHI AMEIAL
o AMAE =G Ful Fof] Aavo]AE Y1, E35 HLE AFo= Ado]AE YA A8 a =
£(1, 2) + g(3, 4)
o« Fa} TS €3 A ol BN S A= FH 29 A UpperCamelCase, 342}
WA =2 A9 lowercase_with_underscoresUTth A HA| A= QAx}2] o]5 0 2= Ak
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51 |2 E t© W7

PaE AR PP A WAEES B 23 dEUth o] A0 elAE AR BE WAE ST
list.append (x)
rEl Zo FES HEYH allen(a) ] = [x] S FTYTH
list.extend (iterable)
gaEe] o olHH B LE FHL A 7
.
list.insert (i, x)
Fo} A AN o) F2S AQFUTE A WA b 4 & 2470 20 B Ad sy aeA
a.insert (0, x) = B2EQ 2o 49Y3st1, a.insert (len(a), x) = a.append (x) £}
S5
list.remove (x)
glaEoA ghol x oF 22 A WAl FEg AAFUTE 29 o] glow valueErrors 423
U,
list.pop([i])
Remove the item at the given position in the list, and return it. If no index is specified, a . pop () removes and

returns the last item in the list. It raises an IndexError if the list is empty or the index is outside the list
range.

= iterable &} =5

L0
v
W
i
O
=
m

list.clear ()
glaEe] BE YES AAFULL del al:] S F5 AU

list.index (x[, start[, end] ] )

A A 9] o A} start &} end = &
At W AHE UL 9
ok
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list.count (x)
ZrEoA x 7t 5F3E LS EHF UL
list.sort (* key=None, reverse=False)

G2 GRES AL AN AR IITHAAE S A 72 Evhol A ol o) AL
AW L sorted() & EAR).

Iy
5o
ol
A
o

list.reverse ()

YrES 945 AR A A A5 UTH
list.copy ()

PlaEe) ge A S EeFUchal:) S ES P

PlaE v A E g RS AR B ol

>>> fruits = ['orange', 'apple', 'pear', 'banana', 'kiwi', 'apple', 'banana']
>>> fruits.count ('apple')

2

>>> fruits.count ('tangerine')

>>> fruits.index('banana')

>>> fruits.index ('banana', 4) # Find next banana starting at position 4
6

>>> fruits.reverse()

>>> fruits

['"banana', 'apple', 'kiwi', 'banana', 'pear', 'apple', 'orange']

>>> fruits.append('grape')

>>> fruits

['"banana', 'apple', 'kiwi', 'banana', 'pear', 'apple', 'orange',6 'grape']
>>> fruits.sort ()

>>> fruits

["apple', 'apple', 'banana', 'banana', 'grape', 'kiwi', 'orange', 'pear']
>>> fruits.pop ()

'pear’

You might have noticed that methods like insert, remove or sort that only modify the list have no return value
printed — they return the default None.' This is a design principle for all mutable data structures in Python.

Another thing you might notice is that not all data can be sorted or compared. For instance, [None, 'hello',

0] doesn’t sort because integers can’t be compared to strings and None can’t be compared to other types. Also,
there are some types that don’t have a defined ordering relation. For example, 3+4j < 5+77 isn’t a valid com-
parison.

511 g|2EE 2802 A1 4317

m

The list methods make it very easy to use a list as a stack, where the last element added is the first element retrieved
(“last-in, first-out”). To add an item to the top of the stack, use append () . To retrieve an item from the top of the
stack, use pop () without an explicit index. For example:

>>> stack = [3, 4, 5]
>>> stack.append (6)
>>> stack.append(7)
>>> stack

[3, 4, 5, 6, 7]

>>> stack.pop ()

>>> stack

(th& sl o] A ol Al<%)

g2 do]EAE 71 AA S E8F 7% dt=d], d->insert ("a") —>remove ("b") —>sort () ; & ZL WA E A4S

serg
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S5,
stack

6]
-pop ()
stack.pop ()

stack
4]

(o1 sl o] Al el A A%

5.1.2 T AEE F 2 A8-3}7]

2EEF=E }\}% ol AE 7hestd, A2 Y42 847 A5o= 774‘41%] S A Y} (“first-in,
mejdﬂ ,BlRE L o] BEFo= B&4 oA U B|aES o QEo] A, oA A=
22 w2 2] g, FA&E./] HE o Q2o AY WA AU+ A2 =Yt (HE 2458 BEF 34

o5 A1 7 of 317] w2 1L Th).

& TS, FEolA Y HE
L3 L. A E E

oj71et AU 7t RF wE ==

A

AAE collections.deque &

>>> from collections import deque

>>> queue = deque(["Eric", "John", "Michael"])

>>> queue.append ("Terry") # Terry arrives

>>> queue.append ("Graham") # Graham arrives

>>> queue.popleft () # The first to arrive now leaves

'Eric’

>>> queue.popleft () # The second to arrive now leaves

'John'

>>> queue # Remaining queue in order of arrival
deque ([ 'Michael', 'Terry', 'Graham'])

513 Z2E H=YAAH

PAE Hr ML A EE Ve A WS ATEULE EF &5+, 2 2478 Al A2 Y
olEl 2l £ WS oW At AL3 AR P 2EE WHEAY, oH 2SS WSS R4S R
THENEAND2E BEE A

A E 5o, AFTe g2EE WE1 Atk 7HP AL o - Al Yy th:

>>> squares = []

>>> for x in range (10):

squares.append (x**2)

>>> squares

[o, 1, 4, 9, 16, 25, 36, 49, 64, 81]

)AL x B o] B2 WS VEN (EE Pol21) $27FFEE Fol = FolglA BETHE Aol £
AL, of B RAFE glo], AFF Y PAEES o7 HoB ANG 5 AU
[squares = list (map(lambda x: x**2, range(10))) J
EE ol A x5 uth:
[squares = [x**2 for x in range(10)] J
ol Aol 2+As 217] 45Tt

foE A dde RY45} 108 Bt for A3 QU 19 A9 for 1} if AEE PAL D
E2 ARG 2 dge G AL ror o ic Aol R T %8 2N LS
A& 5ol ol P2E HuAH L2 F 2B 2453 AR 24 &2 A7 2 28tk

1. g AE T 27|
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>>> [(x, y) for x in [1,2,3] for y in [3,1,4] if x != y]
[FEL SR G N, S (28 B8, (28, ) (28, )5 B (ST, S (3T, AN ]

>>> combs = []
>>> for x in [1,2,3]:
for y in [3,1,4]:
if x = y:
combs.append ( (x, y))
>>> combs

t, 3, (1, 4, 2, 3), (2, 1), (2, 4), (3, 1), (3, 4)]

~

T 3E 276 A for 9 if £ £47} 2e] K FHAL

40 FEoW (2 9 ol A (x, v)). WEA BEE S Aok gy Th

>>> vec = [-4, -2, 0, 2, 4]
>>> # create a new list with the values doubled
>>> [x*2 for x in vec]
[-8, -4, 0, 4, 8]
>>> # filter the list to exclude negative numbers
>>> [x for x in vec if x >= 0]
[0, 2, 4]
>>> # apply a function to all the elements
>>> [abs(x) for x in vec]
(4, 2, 0, 2, 4]
>>> # call a method on each element
>>> freshfruit = [' Dbanana', ' loganberry ', 'passion fruit "]
>>> [weapon.strip() for weapon in freshfruit]
['banana', 'loganberry', 'passion fruit']
>>> # create a list of 2-tuples like (number, square)
>>> [(x, x**2) for x in range(6)]
(¢, 0y, (1, 1), (2, 4), (3, 9), (4, 16), (5, 25)]
>>> # the tuple must be parenthesized, otherwise an error is raised
>>> [x, x**2 for x in range (6) ]
File "<stdin>", line 1
[x, x**2 for x in range (6)]
SyntaxError: did you forget parentheses around the comprehension target?
>>> # flatten a list using a listcomp with two 'for'
>>> vec = [[1,2,3], [4,5,6], [7,8,9]]
>>> [num for elem in vec for num in elem]
(1, 2, 3, 4, 5, 6, 7, 8, 9]
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>>> from math import pi
>>> [str(round(pi, i)) for i in range(l, 6)]
['3.1', '3.14', '3.142', '3.1416', '3.14159']
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>>> matrix = [
(1, 2, 3, 41,
5, 6, 7, €1,
[9, 10, 11, 12],

e elaE Az B3 2 AX AAUTh

>>> [[row[i] for row in matrix] for i in range (4)]
rry, s, 91, 12, 6, 101, (3, 7, 111, [4, 8, 12]]

As we saw in the previous section, the inner list comprehension is evaluated in the context of the for that follows it,

so this example is equivalent to:

>>> transposed = []
>>> for i in range(4):
transposed.append([row[i] for row in matrix])

>>> transposed
rrs, s, 91, [z, 6, 101, (3, 7, 11], [4, 8, 12]]

ol AL thAl T} 24y Th:

>>> transposed = []
>>> for i1 in range(4):
# the following 3 lines implement the nested listcomp
transposed_row = []
for row in matrix:
transposed_row.append (row[i])
transposed. append (transposed_row)

>>> transposed
teL, s, 91, (2, 6, 101, (3, 7, 111, [4,

o]
~

[N

N

AA AAAE, BRY BERRT Y F5ES M oF FTh o] Aol zip(
£ @5 sk

?ﬂ—/\ 7]_ xﬂ ol 61-

>>> list (zip(*matrix))
[, 5, 99, 2, 6, 10), (3, 7, 11), (4, 8, 12)]

o] ol Yo E f o ATl he AMT W&2 A 55 < 94 2 EAlL.

5.2 del ¥

There is a way to remove an item from a list given its index instead of its value: the de 1 statement. This differs from
the pop () method which returns a value. The de1 statement can also be used to remove slices from a list or clear

the entire list (which we did earlier by assignment of an empty list to the slice). For example:

>>> a = [-1, 1, 66.25, 333, 333, 1234.5]
>>> del a[0]
>>> a

[1, 66.25, 333, 333, 1234.5]
>>> del a[2:4]
>>> a

(h& sl o] A ol Al<%)

5.2. del &
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(o] A o] A | A AL)
[1, 66.25, 1234.5]
>>> del al:]
>>> a

[]

del & ¥ A& AHA st = AHEE 5 sy th

£>>> del a J
o) 5o o] % a & F2 e AL o2l YUTH(Ho = T ghol A2 B )] 7] 7EA). Fell Al del o] T2
£ 2 ®A FYU}

~ES BRG] AT Sebol 4 A4} 2L B 4L FHIL BYHUTh ol AT AAL
A2 o] F 7bA) o AU Th (typesseq & HAIR). shol 2 A 3}5H= ool 7] whel, b A2 Ax
gol £749 2= AFUTh the B2 AAL AR Yol dFUTh FE Quth
RELYEE TR o)y o TP U oI F Sof:

>>> t = 12345, 54321, 'hello!'’

>>> t

(12345, 54321, 'hello!'")

>>> # Tuples may be nested:
. u=¢tt, (1, 2, 3, 4, 5)

>>> u
((12345, 54321, 'hello!'), (1, 2, 3, 4, 5))
>>> # Tuples are immutable:

. t[0] = 88888
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
TypeError: 'tuple' object does not support item assignment
>>> # but they can contain mutable objects:

. v= ([, 2, 31, [3, 2, 11)
>>> v
(i1, 2, 31, (3, 2, 11)
o Zo]l Hxol, E9H e 722 P4 2L AU, 2dAH S E w20l 2vkEA sl g U
%% 25/ B2/ A (FE0 U 2 RAA Y IR ), T TE} P £ glo] YD
S 9Bk FEY Y FEo] hYshe AL A5 EA RAT, PdAE 2L A AN E T
FESWE L dBUY
FZol gl2EAY HAth st ety o] AEL thE AFolA v B oz AgFH UL FE2 =24
o3, B o] WA L2FY NV2E ZFFYTE 8252 A 57 (o] A4 Fof Lhth o]} ol
AEEVIEFS 9 JeEoEgdHERR) 07 AANAFUTE ZArEE 7JH o], Q252 HE
SA Aola gaEo ol o] ez A2 FH
=99 BAE WA S FES 2 FE2 BEE AQUTh: o] A9E £837] 8] BHe
F7449 o9l ARE 23 &Yk W FEL W 85 A0 BEoAUTh shte] 30w T4H
FES AN FEE BN UL (F stUE 32 A7 ok 2o 2= SR 5 UTh
Fh AW BA G ol & Bl

>>> empty = ()
>>> singleton = 'hello',
>>> len (empty)

Sk

<-- note trailing comma

>>> len(singleton)
(Th5 # o] A ol A<

40 Chapter 5. zl5 7%



Python Tutorial, @8] £ 3.124

(o1 sl o] Al el A A%

1

>>> singleton

('hello',)

Et = 12345, 54321, ‘'hello!' & F& 7 of AYYrh: gk 12345,54321, 'hello!' £ F
AFER 97 FUch ubd A4 8 e g

20
o >

sto]Me AR S YA AR Y= ZFFUTH AR TR = 2471 g oA Qs 22AQYTh A=
Aol 8= Ay A SR dE AALUD A AAE FAE, 2L, AN, O A2 g
2o 58 A AAEE AP

A2 dEme TEIUset () FFEAEE T ASUT FAA: A AT S BEHDset () =
Mgl oF BT () 7} obd U Th FAE ¥ G4 Y 2 e, 8 Ado A g T

o]7] Zrekgt A o] et

>>> basket = {'apple', 'orange', 'apple', 'pear', 'orange', 'banana'}

>>> print (basket) # show that duplicates have been removed
{'orange', 'banana', 'pear',K 'apple'}

>>> 'orange' in basket # fast membership testing

True

>>> 'crabgrass' in basket
False

>>> # Demonstrate set operations on unique letters from two words

>>> a = set ('abracadabra')

>>> b = set('alacazam')

>>> 3 # unique letters in a

{'a', 'r', 'b', 'c', 'd'}

>>> a - b # letters in a but not in b
{'r', 'd', 'b'}

>>> a | b # letters in a or b or both
{'a', '¢', 'r', '4d', 'b', 'm', 'z', '1'}

>>> a & b # letters in both a and b
{'a', 'c'}

>> a ~ b # letters in a or b but not both
{'r', 'd', 'b', 'm', 'z', '1'}

ZlaE PRl 3 A, A Az dAE Adg Y

>>> a = {x for x in 'abracadabra' if x not in 'abc'}
>>> 3
{Vrl, le}
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5.5 €A

Another useful data type built into Python is the dictionary (see typesmapping). Dictionaries are sometimes found in
other languages as “associative memories” or “associative arrays”. Unlike sequences, which are indexed by a range
of numbers, dictionaries are indexed by keys, which can be any immutable type; strings and numbers can always be
keys. Tuples can be used as keys if they contain only strings, numbers, or tuples; if a tuple contains any mutable
object either directly or indirectly, it cannot be used as a key. You can’t use lists as keys, since lists can be modified
in place using index assignments, slice assignments, or methods like append () and extend ().

YAV 22 (B GA U kol A) 71 7h F A SFethe A 2 AL 4R 7 gk e AR w A
Aol AAYUTE $BE S W GHUAE BHEUTH (). 383 o) JE2 RW I gAY B
sedon, gAaded 27 7 g HE S AF I ol 2ol 9} 285 = Aol % Gtk
gAYele) F Aue &g 1S A Asha 2L A2 g FEshs AUThdel 2 )4 E
A3 2LE 7P g o ol vl 8311 ) J= 712 AR, 27 % AR oA e Qg 2

SkA e 717 ge FEeke A2 dlH gtk

gAg el list (d) € F3std AU AEH I Y= BE 7)9] 2|l 2EE A SAHR 285
Ut (B 22 gt thal sorted(d) € AHESHE FUth. st 717 g™ 2ol =4 AAFsHE H,

in 7|9 =S AHESHA 8

o 7ol 9] & ALgeh 2auka o7} g4 T

>>> tel = {'jack': 4098, 'sape': 4139}

>>> tel['guido'] = 4127

>>> tel

{'jack': 4098, 'sape': 4139, 'guido': 4127}
>>> tel['jack']

4098

>>> del tel['sape']

>>> tel['irv'] = 4127

>>> tel

{"jack': 4098, 'guido': 4127, 'irv': 4127}
>>> list (tel)

['"jJack', 'guido', 'irv']

>>> sorted(tel)

["guido', 'irv', 'Jack']

>>> 'guido' in tel

True

>>> 'jack' not in tel

False

dict () AAAE 7-gAE) A2 R 44 94U S 24T

>>> dict ([ ('sape', 4139), ('guido', 4127), ('jack', 4098)])
{'sape': 4139, 'guido': 4127, 'jack': 4098}

olo Hall, 9 el Az Yol 7|9t F RAANER RE gV E R AHEE 5 95
Yt

>>> {x: x**2 for x in (2, 4, 6)}
{2: 4, 4: 16, 6: 36}

717k e 2AE L W), W 2 7] Q= AAES AHE A A2 A8 7 syt

>>> dict (sape=4139, guido=4127, jack=4098)
{'sape': 4139, 'guido': 4127, 'jack': 4098}

42 Chapter 5. #t5 7%



Python Tutorial, @8] £ 3.124

56 FZHIaY

When looping through dictionaries, the key and corresponding value can be retrieved at the same time using the
items () method.

>>> knights = {'gallahad': 'the pure', 'robin': 'the brave'}
>>> for k, v in knights.items () :
print (k, wv)

gallahad the pure
robin the brave

AG2E £33 u, enumerate () &5

Jeh.

g5 917

0,

g,
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>
30,
)y

it

>>> for i, v in enumerate(['tic', 'tac', 'toe']):
print (i, wv)

0 tic

1 tac

2 toe

Solu I o] AIAAE FAIN FBEH Y, zip () FFE JE S He e T AFUH

>>> questions = ['name', 'quest', 'favorite color']
>>> answers = ['lancelot', 'the holy grail', 'blue']
>>> for g, a in zip(questions, answers):
print ('What is your {0}? It is {1}.'.format(qg, a))

What is your name? It is lancelot.
What is your quest? It is the holy grail.
What is your favorite color? It is blue.

ABRE ARZ FPsted, U4 ALGFoz AldL

i
R
o
ok
v
o
2
[n]
0]
<
0]
=
)]
0]
[0
e
4>
i
o
Ty
o
=
ko

>>> for i in reversed(range(l, 10, 2)):
print (1)

P w oo J w0 -

AA2E FYFHEW, sorted ) FRE AEGHA 228 WA G1E DD A ¢

>>> basket = ['apple', 'orange', 'apple', 'pear', 'orange', 'banana']
>>> for i in sorted (basket):
print (i)
apple
apple
banana
orange
orange
pear

Al 2o 3] set () &
AHgEHE AL ANA2] IH
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>>> basket = ['apple', 'orange', 'apple', 'pear', 'orange', 'banana']
>>> for f in sorted(set (basket)):
print (f)
apple
banana
orange
pear

ES WA LE #FS =AUTE A, $F, A A Bl2EE BrEE Ao

>>> import math
>>> raw_data = [56.2, float('NaN'), 51.7, 55.3, 52.5, float('NaN'), 47.8]
>>> filtered_data = []
>>> for value in raw_data:
if not math.isnan (value) :
filtered_data.append(value)

>>> filtered_data
[56.2, 51.7, 55.3, 52.5, 47.8]

5.7 XA t] 17|

while #if Fol A ARGE = 20 v ot BE A4AE AHEE 5 syt

The comparison operators in and not 1in are membership tests that determine whether a value is in (or not in) a
container. The operators is and is not compare whether two objects are really the same object. All comparison
operators have the same priority, which is lower than that of all numerical operators.

M A4 5 ALY ol B Sol,a < b == c,a7bb BTk &3, FA b 7l e 9 22X AA}

.

Wi 2] A4A) and Sor € ALEHA AFS + A, vl A (L 2 e) RE =2 Ed

Ae)not 02 $AF 5 JFUTh o AL Ml AAART B SAEE 2EUTh o] A Lol

not o] 7} =& 2L E 211, or 7} 7P IS UTH 28l A A and not B or CE= (A and (not

B)) or CotEE UL A H, ¥dt= 22 W7 flal 23 E AL S+ AsTh

2] A7 and % or & £9) Thek-3) 2 (short-circuin) AAAA U T ARE L AKA N 2 2202 gro]
T A AL, 2H7E AR EH AR} 3E FoH = SEE U oS S0l A9 c 7t FolalB 7 AXl o™, A

and B and C& B34 C 9 %S 7oA S5 Utk Eegto] obd Auk oz AP o, get-3 w2

A 4kbApe) vbgh e mpA o g gho] 3 3l 1A Y T

o 2 thE = 23849 25 o g 5 sk ol & 501,

>>> stringl, string2, string3 = '', 'Trondheim', 'Hammer Dance'

>>> non_null = stringl or string2 or string3

>>> non_null

'Trondheim’

sho] Wl A, Coh e, A4 ol A9 B} wickz 7l 2] Q4R —F AFghol A 0 = S ok

FUh C 22 adel A £3] pFEAE RFY BASL INFES FUth == S AT EAA =&

?:}Eﬂﬁ]—L /\1/\
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5.8 2029} THE P52 w3t

A A AAE2 HE T2 A EA P o2 AAEF v g 5 JAFUTH BlaE AHH A A& A S
Utk 1A A+ FESvasfiA th2 ™ o] Aol vju s A5 ZZFUth 2o, o2 F &5 vl
31, ol e Ao % of = FAAAT 228 W 7HA ALk whek v = FE A 7} 2L Fe)
A Az, A A @ AR Ao g SFPUT F AP BE FEo] Zria v wEE, AdAEL
2o Ao w AFHUT S AAATFTHE st v B2 B A, ge Adart 4L AU
FAG A A e N FAES €A S Aoed FUTE 2= £AE RAE AT 2L
o N A2E 2] vl D 7HA] ol = o] FHY T

(1, 2, 3) < (1, 2, 4)

[1, 2, 3] < [1, 2, 4]

'ABC' < 'C' < 'Pascal' < 'Python'

(1, 2, 3, 4) < (1, 2, 4)

(1, 2) < (1, 2, -1)

(1, 2, 3) == (1.0, 2.0, 3.0)

(1, 2, ('aa', 'ab')) < (1, 2, ('abc', 'a"), 4)

ANEZ o2 Y AA = <v> 2 Huste 22, 1L AA S0l AT vy wNESS ZE QS wvt
slFETHE 2ol FotH8. A& E, AR GE A FELS IEY A #oll e viwg Uk 1
HA 0200 21, 55, 2FA FoH, 49 £AE AFst= thAl, A Z e E & TypeError

2o guich
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T . 7
AL 402 g A YT Zlo] FHUTh o WA = AL 2aYE S wEGT P 2
ao] dojof et FAE A stel o8 7R Y2 VR Ale 5 AUt of B Z 2 A
HE A G IS 2 Z2 0] P2l S BASHA FIE AT AL FE s
ol A& A Ast7] Asl, Fol W& Ho) =S ol Y 2T HE U IE =22 3 R A A
S e ATEUL 2 IS RE oL FFUTH REEREH 5ol thE BEolY
Mol REE QEE D+ AFUTH (I BEL AP £EAA AP 2TYE} ALY BE A
AA| 25t RS A AYU
EE2 ol Boo FAES H Ae FdJUTE 3L o] F2 BE o5 FHA .py E EY
Utk 25 YollA, B8 o] 52 A W5 __name_ 2 & A|FHUTE o & £01, o8] Folste=
AR 71 & fibo.py 2he o] 59 otd& AA tE 2o v T3 22 W&o = Qg Uth
# Fibonacci numbers module
def fib(n): # write Fibonacci series up to n
a, b=20, 1
while a < n:
print (a, end=' ")
a, b =Db, atb
print ()
def fib2 (n): # return Fibonacci series up to n
result = []
a, b =20, 1
while a < n:
result.append(a)
a, b =Db, atb
return result

o)A shol A Qe =2 Elo] SoI 1A o] BES The T} 2

[>>> import fibo

flo
ol
o
|o
U
jule
F
(m
s

Yot

This does not add the names of the functions defined in fibo directly to the current namespace (see 3}0] % 2~ 31 5%
9} o] = & 71 for more details); it only adds the module name fibo there. Using the module name you can access
the functions:
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>>> fibo.fib (1000)

0112 358 13 21 34 55 89 144 233 377 610 987
>>> fibo.fib2 (100)

(o, 1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89]

>>> fibo._ name_
'fibo'
P58 A7 ST Akl AY oo AT 5 AUk

>>> fib = fibo.fib
>>> fib (500)
0112 358 13 21 34 55 89 144 233 377

Each module has its own private namespace, which is used as the global namespace by all functions defined in the
module. Thus, the author of a module can use global variables in the module without worrying about accidental
clashes with a user’s global variables. On the other hand, if you know what you are doing you can touch a module’s
global variables with the same notation used to refer to its functions, modname . itemname.

Modules can import other modules. It is customary but not required to place all import statements at the beginning
of a module (or script, for that matter). The imported module names, if placed at the top level of a module (outside
any functions or classes), are added to the module’s global namespace.

There is a variant of the import statement that imports names from a module directly into the importing module’s
namespace. For example:

>>> from fibo import fib, fib2
>>> fib (500)
0112 358 13 21 34 55 89 144 233 377

This does not introduce the module name from which the imports are taken in the local namespace (so in the example,
fibo is not defined).

BEEo] Zoste BRE olF= Y2 Es= AUFE Jd5Uth

>>> from fibo import *
>>> fib (500)
0112 358 13 21 34 55 89 144 233 377

1A e ) 2 AAHE ATE AN LE |8 YLE YT e Shold m2 g 5L
o] 7152 A3 St AE L EE FelA A L ol EE QAL YT T ol, of 3ol o]
Qeld A% 7127 B 4 97 et

Qi oz mEo| L} A7) A A * & 9

X E
el 7]oll AohA] e ZEE WEV W AUt SHA T, thEhE AldolA d8e ol LA AR shE A2

>>> import fibo as fib
>>> fib.fib(500)
0112358 13 21 34 55 89 144 233 377

! In fact function definitions are also ‘statements’ that are ‘executed’; the execution of a module-level function definition adds the function
name to the module’s global namespace.
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et}

= 1RF

o

)AL import fibo 7lehs AT 2L WAL R BES QEE s, Y3 2ol £ib
o o] go® ST 4 drte A

>>> from fibo import fib as fibonacci
>>> fibonacci (500)
0112358 13 21 34 55 89 144 233 377

B¢ of A REL ANSAN Ak B UT QEEF e 2AA, el E
2 5o, AT oA A A ACk BT — Ei, 3 E o A oe BEo| SR

] , importlib.reload() & AF&3IAM 8. A& £, import importlib; importlib.
reload (modulename).

of gl o] Thol W RES o] ZA AP3td

if name_ == "_ main_
import sys
fib (int (sys.argv[1]))

L JEET St BERN oI ~AYERE ASY 5 YRS U5+ 912S o v,
oA mEel W stdw A8 ofw ¥R WS s ek AR /] gt

$ python fibo.py 50
0112 358 13 21 34

B0 JEED W, e A9 A PHUch

>>> import fibo
>>>

o

o] %%‘%‘E"QQ]EH@'T_‘;‘@/\]— Z]—J]_ﬂ]o]/\‘:'—xﬂ_z_g}ﬂ])ra] E 27 QEA}%%\/]E}—(E-Q
A2IYER AP HAE A EZ AFY3F7)).

6.1.2 25 AN A=

When a module named spam is imported, the interpreter first searches for a built-in module with that name. These
module names are listed in sys.builtin_module_names. If not found, it then searches for a file named
spam. py in a list of directories given by the variable sys.path. sys.path is initialized from these locations:

s Y8 23 YEE 2= HAHY (B o] AAHA %S wj= At E ).
« PYTHONPATH (] HE 2] o] 5 E2 55, 4 ¥4 PATH 9} 22 H).

 The installation-dependent default (by convention including a site-packages directory, handled by the
site module).

More details are at sys-path-init.

6.1. 25 ] 17| 49
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2718} Foll, ol 8l TR APL sys.path B ST S YLUTh 2TPES mgshe Tl E = A4

Azel Aol B2 eholvelel A= ool ¥ AU o AL 22 o2 A% ol ue e teeielo]

e AN 2T YES EPshe T H ) Ao EHTHE S Ut o] #o] o =8 Ao ohjetul
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6.1.3 “7A s}l E)” s}o]# 5}

w298 wesl 391, 5ol 8 _pycache_ DidE 2o 2t mE2] A5
version.pyc Bt= o] E 0 2 7
2 sholdol WA WS ¥ .
_ _pycache_ /spam.cpython-33.pyc & 7] HUt} o] Y H L A2 t}
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ol W& 420 A NS AupdE v A3 vl s A Al & 7F A L oAl 3} s oF 8h=A] AR T
o] 212 &3] AEstE A YT B3 AR LH RES SUF FH A o7 ufFoll, 22 o] B
E AR OE IEAHE B A sl TS 5 AsUTH
Tho] W& F 7HA] Aol A AAE AASHA ShsUth AR R, PN A 2EH = RESS
ANAsFLst 1 AHE AGSA sUTh SR, &2 BEC] lod HAIE FAASHA ks Uth a2
e FHILE FL Ae) wZ2E AAstH Y, HodH BEo]l &2 fHE 2o Qlojof atar, A
EEo] glojof gtk
AE7HE S 2 7HA |
« Aotdd BEY 27 Eol8 ¥ golA WPl -0 U -00 29 X E AR 5 Y5 U —0 29
X = assert -2 A| AL, ~00 29 A= assert F__doc__ FAL S REF A AYYLE ojH =g
RS2 ol A5l Y&ty wholl, F A2 st =A ok Bu o] FHS ARGl ofF T
“HAZE” L5 opt- | E 2L, B o A5 Uth v o vl 2ol A= F A35ke] et E
T AsyH
o .py FAolA S wlEtt .pyc DA g uf Z2ae] o B APFFH A= gh5Uth .pye
oA o EepA = A2 EEFH = SRR YU
« B¥E compileall & tdH ] gl ZE ZEY pyc HYEL WE 5 AFUT
o o] Ao 3 Y AA T AW, BAEY SAEE U = PEP 3147 o] U5 Uth
62 F HEE

golH e 2E BEEL glolBe 7 &7 2=, 25 A sto]H goj B HHAA (o] E 2=
“glolr g # Py oA APyt ofH RES2 Az g WAH UL o] A& dojo
A HQ HEL ol AWt THYZ YWHH A4Sl st AN AE AlFsl=d, E&olUA2d S&53
22 A AA 712 2 a5 U AMAE AFs 7] AFdUnth 28 ZEES AT 44 S
719 2P E JZ2AYUYtTh o E Eo], winreg EEL A= A 2HoAu Al FH YT EHIRE
e FEES IS Z87 dF UL sys. BE Fojx Az g Hol WAE Utk M4 sys.psl £}
sys.ps2 € 7|BEH HRX ZEZER AMEEHE AL S AT

>>> import sys
>>> sys.psl
Iess 0
>>> sys.ps2
>>> sys.psl = 'C> '
(Th sl ol A ofl A1 %)
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(o] A o] A | A AL)
C> print ('Yuck!")
Yuck!
C>

ol F Y LSS Az e 73ty REY wj vk Foj gt
H sys.path £ JAEHZEEHY B AN FE2E Z2H = =9 F2EQYY
PYTHONPATH 9| A] # 3} 7|2 ZJ 21}, PYTHONPATH 7} A AE A k= A W3 7] 23
Yok £ g 2E Q4L AEHA £ 5 AUtk

>>> import sys
>>> sys.path.append('/ufs/guido/lib/python')

—_—

6.3 dir() 5

m[m
it
v
i)

W5 dir() & BB Ao st o85S R v AT 2AAE0 349 flaE

Yok

>>> import fibo, sys
>>> dir (fibo)

['"_name__', 'fib', 'fib2']

>>> dir (sys)

['"__Dbreakpointhook__ ', '__displayhook__"', '_ doc ', '__excepthook__"',
' __interactivehook__', '__loader__', '__name__ ', '__package__', '_ _spec_',
' stderr_ ', '__stdin_ ', '_ stdout__ ', '_ unraisablehook_ ',
' _clear_type_cache', '_current_frames', '_debugmallocstats', '_framework',
' _getframe', '_git', '_home', '_xoptions', 'abiflags', 'addaudithook',
'api_version', 'argv', 'audit', 'base_exec_prefix', 'base_prefix'
'breakpointhook', 'builtin_module_names', 'byteorder', 'call_tracing'
'callstats', 'copyright', 'displayhook', 'dont_write_bytecode', 'exc_info',
'excepthook', 'exec_prefix', 'executable', 'exit', 'flags', 'float_info',
'float_repr_style', 'get_asyncgen_hooks', 'get_coroutine_origin_tracking_depth',
'getallocatedblocks', 'getdefaultencoding', 'getdlopenflags',
'getfilesystemencodeerrors', 'getfilesystemencoding', 'getprofile',
'getrecursionlimit', 'getrefcount', 'getsizeof', 'getswitchinterval',
'gettrace', 'hash_info', 'hexversion', 'implementation', 'int_info',
'intern', 'is_finalizing', 'last_traceback', 'last_type', 'last_value',
'maxsize', 'maxunicode', 'meta_path', 'modules', 'path', 'path_hooks'
'path_importer_cache', 'platform', 'prefix', 'psl', 'ps2', 'pycache_prefix'
'set_asyncgen_hooks', 'set_coroutine_origin_tracking_depth', 'setdlopenflags',
'setprofile', 'setrecursionlimit', 'setswitchinterval', 'settrace', 'stderr'
'stdin', 'stdout', 'thread_info', 'unraisablehook', 'version', 'version_info'
'warnoptions']

A7k o’ dir () £ A 42 @ ol S5 S AU Th

>>> a = [1, 2, 3, 4, 5]

>>> import fibo

>>> fib = fibo.fib

>>> dir ()

['"__builtins__', '__name__', 'a', 'fib', 'fibo', 'sys']

BE @ olF= yddrhE Aol wolsoF gtk M, 2E, I, 55
5=
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>>> import builtins
>>> dir(builtins)

(h& sl o] A ol Al<%)
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(o] A o] A | A AL)
["ArithmeticError', 'AssertionError', 'AttributeError', 'BaseException'
'BlockingIOError', 'BrokenPipeError', 'BufferError', 'BytesWarning',
'ChildProcessError', 'ConnectionAbortedError', 'ConnectionError',
'ConnectionRefusedError', 'ConnectionResetError', 'DeprecationWarning'
'EOFError', 'Ellipsis', 'EnvironmentError', 'Exception', 'False',
'FileExistsError', 'FileNotFoundError', 'FloatingPointError',
'FutureWarning', 'GeneratorExit', 'IOError', 'ImportError'
'ImportWarning', 'IndentationError', 'IndexError', 'InterruptedError',
'IsADirectoryError', 'KeyError', 'KeyboardInterrupt', 'LookupError',
'MemoryError', 'NameError', 'None', 'NotADirectoryError', 'NotImplemented',
'NotImplementedError', 'OSError', 'OverflowError'
'PendingDeprecationWarning', 'PermissionError', 'ProcessLookupError',
'ReferenceError', 'ResourceWarning', 'RuntimeError', 'RuntimeWarning',
'StopIteration', 'SyntaxError', 'SyntaxWarning', 'SystemError',
'SystemExit', 'TabError', 'TimeoutError', 'True', 'TypeError'
'UnboundLocalError', 'UnicodeDecodeError', 'UnicodeEncodeError'
'UnicodeError', 'UnicodeTranslateError', 'UnicodeWarning', 'UserWarning'
'ValueError', 'Warning', 'ZeroDivisionError', '_', '_ _build_class__',
' _debug__', '__doc__', '__import__', '__name__', '_ package__', 'abs',
'all', 'any', 'ascii', 'bin', 'bool', 'bytearray', 'bytes', 'callable',
'chr', 'classmethod', 'compile', 'complex', 'copyright', 'credits'
'delattr', 'dict', 'dir', 'divmod', 'enumerate', 'eval', 'exec',6 'exit',
'filter', 'float', 'format', 'frozenset', 'getattr', 'globals', 'hasattr'
'hash', 'help', 'hex', 'id', 'input', 'int', 'isinstance', 'issubclass'
'iter', 'len', 'license', 'list', 'locals', 'map', 'max', 'memoryview'
'min', 'next', 'object', 'oct', 'open', 'ord', 'pow', 'print', 'property'
'quit', 'range', 'repr', 'reversed', 'round', 'set', 'setattr', 'slice'
'sorted', 'staticmethod', 'str', 'sum', 'super', 'tuple', 'type', 'vars',
'zip']

6.4 3 7] X

Packages are a way of structuring Python’s module namespace by using “dotted module names”. For example, the
module name A . B designates a submodule named B in a package named A. Just like the use of modules saves the
authors of different modules from having to worry about each other’s global variable names, the use of dotted module
names saves the authors of multi-module packages like NumPy or Pillow from having to worry about each other’s
module names.

< AASHZ dsttial A
Utk o & E90]: .wav, .aiff, .au),
F8e} deun,

=2
]

3 S dlolg ol Agotaat st W T/ ANEE Jleng (44, ol W7, oldetolA 75
48, 3Rl 2H L B3 BE7)9 22, o] ANEL £ AR RESS BUglo] 2
2 AU A7 A S o] ZA FAH & AU (ASE st Alagd ez @3 5UH
sound/ Top-level package ]

__init__ .py Initialize the sound package
formats/ Subpackage for file format conversions
__init__ .py

wavread.py
wavwrite.py
aiffread.py
aiffwrite.py
auread.py
auwrite.py

effects/ Subpackage for sound effects
__init__ .py

(Th= ol A ol A<
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(o] 3| o] A ol A Al)
echo.py
surround.py
reverse.py

filters/ Subpackage for filters
__init__ .py
equalizer.py
vocoder.py
karaoke.py

W71 A& Q2ED W, o] WL sys.path ol Y= HHAHZAES AAEA 712 A2 g2 E

The __init__ .py files are required to make Python treat directories containing the file as packages (unless us-
ing a namespace package, a relatively advanced feature). This prevents directories with a common name, such as
string, from unintentionally hiding valid modules that occur later on the module search path. In the simplest
case, __init__.py can just be an empty file, but it can also execute initialization code for the package or set the
__all__ variable, described later.

7| A A A A 2R I RES dEZED F AU A€ Sol:

[import sound.effects.echo

This loads the submodule sound.effects.echo. It must be referenced with its full name.

[sound.effects.echo.echofilter(input, output, delay=0.7, atten=4)

NHRES QEESE e L o @5tk

[from sound.effects import echo

This also loads the submodule echo, and makes it available without its package prefix, so it can be used as follows:

[echo.echofilter(input, output, delay=0.7, atten=4)

)

= g Aokt U MaE A QEESE Atk

[from sound.effects.echo import echofilter

Again, this loads the submodule echo, but this makes its function echofilter () directly available:

[echofilter(input, output, delay=0.7, atten=4)

from package import item & AR ), item2 I 7| X A H BE (E= A H I 7)R) Y
W, 2o, e 5 A7) A0 A OhE o 55 Sk 9 . impo

o) 71 Aol )5 o] GEA AAE Y, 18R OB REo| ek AL =8 AL FULE 3
L3, ImportError 99 & o1y}

ojof] ¥t&}o], import item.subitem.subsubitem &} 22 FH= AT o, ulx 2 AL AL 3 7
G2 A 5717 oo Fuith; AT GBE BE oI 7|7t E 5 AT, ] HAA Aol
A, T, le 5ol 2 e flsyth
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6.4.1 3| 7| x| A * A ZE 3}7]

o]A| from sound.effects import * Bt AW oJEBA 7R oA o 7= oJEAE gd A|A~H
oA 7] Aol A BEEC] S JUEA F2 TS, IAE EFE IXZE SV E AT AUt o2
StedlE Aol L3 2B A ANERES YZE T metojd A B BRES YA HOoR AXET F 90t

%ﬂ4¢%ﬂ%%ﬂﬂ%%$¢ﬁ34ﬂm@ﬂ*&%
e}

4

Qe AN HAA AR AA A 4L FA Aoz AT AQUTh import B TS
A7 AUk 71 A Y __init__.py ZET7F__all__ ok ol FY BHES A, ol 2
from package import * & ¥hdul] X E Fjofnt 3= ;% O|EE BE o7 ulol5 Ut} Al ¥
Ao AN E 2 AT 0] o] 522 HA Ae)z 3= AL 574 Ao Ak 714 AR
A A * & YEESRE S} Aok DRATH, o A8 A 25 9712 ¢ 4 S g o
S0}, 3Y sound/effects/__init_ .py =02 2L I=E 33 4+ 95

[ all = ["echo", "surround", "reverse"]

This would mean that from sound.effects import * would import the three named submodules of the
sound.effects package.

Be aware that submodules might become shadowed by locally defined names. For example, if you added a reverse
function to the sound/effects/__init__ .py file, the from sound.effects import * would only
import the two submodules echo and surround, but nof the reverse submodule, because it is shadowed by the
locally defined reverse function:

_all = [
"echo", # refers to the 'echo.py' file
"surround", # refers to the 'surround.py' file
"reverse", # !l! refers to the 'reverse' function now !!!
1
def reverse(msg: str): # <—-— this name shadows the 'reverse.py' submodule
return msg[::-1] # in the case of a 'from sound.effects import *'

If __all__ isnotdefined, the statement from sound.effects import * doesnotimport all submodules
from the package sound . ef fect s into the current namespace; it only ensures that the package sound.effects
has been imported (possibly running any initialization code in __init__ .py) and then imports whatever names
are defined in the package. This includes any names defined (and submodules explicitly loaded) by __init__ .py.
It also includes any submodules of the package that were explicitly loaded by previous import statements. Consider
this code:

import sound.effects.echo
import sound.effects.surround
from sound.effects import *

In this example, the echo and surround modules are imported in the current namespace because they are defined
in the sound.effects package when the from. ..import statement is executed. (This also works when
__all__ isdefined.)

B} ol® BEo] import * &S T W 54 UL f2t o EF
Sriete, m2 g4 St o A3 £4 G2 A2 o AR Tk

)
19

3
f
[
o
oy
A
i
)
i)
32
kv

from package import specific_submodule & A}-&3l=d 25 = o !
A, QEESHE ZEo| thE A7 A A 22 oF HE EES AT 27 gle S AREHE 27

Wy,

54 Chapter 6. =&




Python Tutorial, @8] £ 3.124

6.4.2 3717 3 2] A2

When packages are structured into subpackages (as with the sound package in the example), you can use absolute
imports to refer to submodules of siblings packages. For example, if the module sound.filters.vocoder
needs to use the echo module in the sound.effects package, it canuse from sound.effects import
echo.

You can also write relative imports, with the from module import name form of import statement. These
imports use leading dots to indicate the current and parent packages involved in the relative import. From the
surround module for example, you might use:

from . import echo
from .. import formats
from ..filters import equalizer

o) JEET A BES o] Bl 7L Frhe 2o 2 HAL. W BEY o] FL P _main "
o7 uj Bl o 3§ L2 1 W RER NG BA) RESS WA A YEES AHE3 of

.

6.4.3 o2 tHE gl 9= A7) A

A7 A 50 o= HE 1S H ARFUTH _path__. oA WA _init__.py 3}
A7) Aol o] o] Sojdt A e o] B8 Eele el AER 27 FH Utk o] Wes
&5 95Utk 287 A 1 o F = 7 Ao] RE BET AL A AE AASE ] FFL
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=9 A 54 =BT

So far we’ve encountered two ways of writing values: expression statements and the print () function. (A third
way is using the write () method of file objects; the standard output file can be referenced as sys . stdout. See

the Library Reference for more information on this.)
A<

F% Wes] 2vo] AR TRE 92 Aok ARTHEY F42 o ol Alotslok st 397 A%tk
22 TUSHE vl of 8 7hA o] gtk

|

c U B e E DS AW, A Qg R EE A A8 RE Qo FEETF S Bol B4
= A FBA AL L. o] ZAFE bl A, { B} A AL, Mg e 2lHE ghe A28 5+ e
shol R £@4< AT 5 A
>>> year = 2016
>>> event = 'Referendum'
>>> f'Results of the {year event }'

'Results of the 2016 Referendum'

e The str.format () method of strings requires more manual effort. You’ll still use { and } to mark where
a variable will be substituted and can provide detailed formatting directives, but you’ll also need to provide the
information to be formatted. In the following code block there are two examples of how to format variables:

>>> yes_votes = 42_572_654

>>> total_votes = 85_705_149

>>> percentage = yes_votes / total_votes

>>> ! YES votes '.format (yes_votes, percentage)
' 42572654 YES votes 49.67%'

Notice how the yes_votes are padded with spaces and a negative sign only for negative numbers. The
example also prints percentage multiplied by 100, with 2 decimal places and followed by a percent sign
(see formatspec for details).

« vpAEro &, BAld Lere] 4 1 o] A g 5o
W, BE AL A2l 222 29T 5 YUt BAGYol L Fol2 & vz B A2
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FAH ol BL3A T B T AL 3] A WSS WA EASHE W, repr () E str ()
58 Aol mE g}% 2GR WY 5 AFUTh

str() B5t ol A% Abgrol 97lo] A YEI ghe] AL T Ho ATk Wl
APt AU 5 e Gl S WA FolslaUn (EE 2 RAL S 9
£o] 0™ syntaxError & YOV =% AP UTh. Argrol 2ulsh7] S8 S8 Bdo] gt
AH | B9, str() & repr () 3 2L e EUFUT B gh FAEO| L 2= gA el 2L
TEE, ST ULE 2 2L AL Puth 588, BAAL T /b AL Fuleh

2 744 o & Utk

>>> s = 'Hello, world.'
>>> str(s)
'Hello, world.'
>>> repr(s)
"'Hello, world.''
>>> str(l1/7)
'0.14285714285714285"
>>> x = 10 * 3.25
>>> y = 200 * 200
>>> s = 'The value of x is ' + repr(x) + ', and y is ' + repr(y) + '...'
>>> print (s)
The value of x is 32.5, and y is 40000...
>>> # The repr() of a string adds string quotes and backslashes:
.. hello = 'hello, world\n'
>>> hellos = repr (hello)
>>> print (hellos)
'hello, world\n'
>>> # The argument to repr () may be any Python object:
repr ((x, y, ('spam', 'eggs')))
"(32.5, 40000, ('spam', 'eggs'))"

-

string BEol+ £AE el 32 A&k & o2 S AlFote Template P72
Ytk $xeof 22 Ape] FAIAE AFRSHAL o] A= Q/qﬂﬂoﬂ/ﬂ L= Bo = XA N 2
Aol & AR 4 AT

Y, 2N

AN LB A € A o

>>> import math
>>> print (f'The value of pi is approximately {math.pi:.3f}.")
The value of pi is approximately 3.142.

ool A58 AU Y BE0) Ha g4 Fo YUth 9 F REY W AT

>>> table = {'Sjoerd': 4127, 'Jack': 4098, 'Dcab': 7678}
>>> for name, phone in table.items () :

print (f'{name:10} ==> {phone:10d}")
Sjoerd ==> 4127
Jack ==> 4098
Dcab ==> 7678
e T BAE AME ot T E 7] Ao k2 fSd stk "la'vsascii (0, 's'Estr() S,
"Ir'Erepr ()& AP Th:
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>>> animals = 'eels'

>>> print (f'My hovercraft is full of {animals}.')
My hovercraft is full of eels.

>>> print (£'My hovercraft is full of {animals/r}.")

My hovercraft is full of 'eels'.

The = specifier can be used to expand an expression to the text of the expression, an equal sign, then the representation
of the evaluated expression:

>>> bugs = 'roaches'

>>> count = 13

>>> area = 'living room'

>>> print (f'Debugging {bugs=} {count=} {area=}")

Debugging bugs='roaches' count=13 area='living room'

See self-documenting expressions for more information on the = specifier. For a reference on these format specifi-
cations, see the reference guide for the formatspec.

7.1.2 214 format() WA=

str.format () WAES) 7] EA A ALY L o] A rh:

>>> print ('We are the {} who say "{}!"'.format ('knights', 'Ni'))
We are the knights who say "Ni!"

FZT eIt I EAE (W Zegty BEY) 2 str.format () HAE
G Uth 5235 9o A= str.format () WAEZ AEH AAE2 Y XE 71 7]
AU

>>> print ('{0} and {1}'.format ('spam', 'eggs'))
spam and eggs
>>> print ('{1} and {0}'.format ('spam', 'eggs'))

eggs and spam

str.format () WA E0] 7| PE Ax7} AALHE, I FEL2 AR o] AR AAFE = AHF

Y.

>>> print ('This {food} is {adjective}.'.format (
. food="'spam', adjective='absolutely horrible'))
ThlS spam is absolutely horrible.

A AN AAE AFFA 24T 5 AFth

>>> print ('The story of {0}, {1}, and {other}.'.format ('Bill', 'Manfred',
Ce other="'Georg'))
The story of Bill, Manfred, and Georg.

A9 o]
18 A

2

lll

oz ARY 4 ATt
shel Lk,

CHe3 44 e AW £ BApdo] g u), TG WSS A A o)
22 AUtk 498 GA el 2 973 718 AA 25w o 2E ()

ﬁ
o

>>> table = {' Sjoerd': 4127, 'Jack': 4098, 'Dcab': 8637678}
>>> print ('Jack: k] ff; Sjoerd: {0[Sjoerd]:d}; '

Ce . 'Dcab: {0[Dcark d .format (table))

Jack: 4098; Sjoerd: 4127 Dcab 8637678

This could also be done by passing the t able dictionary as keyword arguments with the * * notation.

>>> table = {'Sjoerd': 4127, 'Jack': 4098, 'Dcab': 8637678}

>>> print ('Jack: {Jack:d}; Sjoerd: {Sjoerd:d}; Dcab: {Dcab:d}'.format (**table))
Jack: 4098; Sjoerd: 4127; Dcab: 8637678

7.1. AAH 29
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This is particularly useful in combination with the built-in function vars (), which returns a dictionary containing
all local variables:

>>> table = {k: str(v) for k, v in vars().items ()}

>>> message = " ".join([f'{k}: " + '"{'" + k +'};"' for k in table.keys()])
>>> print (message.format (**table))

__name__: _ main__; doc__: None; __ package__: None; __ loader_

As an example, the following lines produce a tidily aligned set of columns giving integers and their squares and cubes:

.
>>> for x in range (1, 11):

print (' '".format (x, x*x, X*X*x))

1 1 1

2 4 8

3 9 27

4 16 64

5 25 125

6 36 216

7 49 343

8 64 512

9 81 729
10 100 1000
str.format () & AHE-SH #AE 2 uf | o] b S 7] 8 = formatstrings & H A 8.

A7) T ARSI AAES BE FE02 TP ASUTH

>>> for x in range (1, 11):
print (repr (x) .rjust (2), repr(x*x).rjust(3), end=' ")
# Note use of 'end' on previous line
print (repr (x*x*x) .rjust (4))

1 1 1
2 4 8
3 9 27
4 16 64
5 25 125
6 36 216
7 49 343
8 64 512
9 81 729
10 100 1000

(print () 9 54 44 0 2 93] 2 27 Apolol] 25i o & Shbrh F7bs g0l R SHA 22 B4 ARE
Apol o 23] o] 28 Z g Th)

4D AN str.rjust () WASE AFo] A 0] 28 YA oW FOB BAAS 5 5 0E
FUCh M2 WAE str.1just ) % str.center ) £ YFUh o] MINESL ofdl 2w 25
A @edeh B A EAYE EAFU Y ¥ B 4% e, AEA g, A gl 1 B
Fuch o)Zio] AW AE IO HSAA T, 15 grol o3l AL sl B ook v,
(A 2ehl /) 8 AATHY, B4 Sehol A AL 24 4 A5 Th x. Ljust (n) [:n) AH)

e fHAER JdFUTH str.zfill (). TR ALY AF 0 AF UL Zejag oA R s
ol sl gt}
>>> '12'.z£fill (5)

'00012"
>>> '-3.14".z£i11(7)

(th& sl o] A ol A<%)

60 Chapter7. J383 &9



Python Tutorial, @8] £ 3.124

(o1 4 s o] A el A A <)
-003.14"
>>> '3.14159265359'.z£111(5)
'3.14159265359"

AP EEESEES

The % operator (modulo) can also be used for string formatting. Given format % values (where format is a
string), $ conversion specifications in format are replaced with zero or more elements of values. This operation is
commonly known as string interpolation. For example:

>>> import math
>>> print ('The value of pi is approximately .'" % math.pi)
The value of pi is approximately 3.142.

o] ZA| 3 W-&-2 old-string-formatting 4] of] 1}-& Ut}

7.2 3}Y4E 297 37|

open () returns a file object, and is most commonly used with two positional arguments and one keyword argument:
open (filename, mode, encoding=None)

[>>> f = open('workfile', 'w', encoding="utf-8") ]
A A AAbE 51 ol 82§ BAG YUk T i) AAbe stdo] A8 S Ay 2 e
EAEE e i shiel BAGYUT. mode £ 3t g AR SE 27 S e (22 0l B
oju] £ ot= 32 4 1%‘45})7}31,'a = S BEo)7] S8l AUt ol 7| EH = BE
tl o] Bl = X}O_EEOH FUTh 'r+' = 534S g 27 A YT mode A= A B A L],

Aersid 1r o] A E U,

Normally, files are opened in text mode, that means, you read and write strings from and to the file, which are encoded
in a specific encoding. If encoding is not specified, the default is platform dependent (see open () ). Because UTF-8
is the modern de-facto standard, encoding="ut £-8" is recommended unless you know that you need to use a
different encoding. Appending a 'b' to the mode opens the file in binary mode. Binary mode data is read and
written as bytes objects. You can not specify encoding when opening file in binary mode.

Eﬂ/\E UCoﬂ/ﬂ’ a1E “:H/] 7]53;@0 Jggiqzmﬂ%_g#(ou/\oﬂ,q \n Ooﬂ}ﬂ \r\n) =
B4 \n 2 WS AITh HAE RER £, /18 EHL \n & O}A] 2 %Azﬁquei
Wgehs AUk o] 3 ol Eo] B3 o Fo) 7L BAE spele) FeE £A 7} o H A9
JPEG o| Y EXE 3t 3 22 vlo] g HlolHE T A guUth 18 39S ¢l & uf vlo]g B UEE
TS F o)A L

o AAE thE W with 7Y EE AHG o= A2 2 FAYUTE A E L =5 o7t dgsities
2E7LE5E o 3pdo] SHtEA @3ths AP Utk with & AHESte 212 558 try-finally

ESS2E Zi°ﬂ Hlas] 28 7= gyt

>>> with open('workfile', encoding="utf-8") as f:
read_data = f.read()

>>> # We can check that the file has been automatically closed.
>>> f.closed
True

with 7| =& AMS-3HA] 9O W, £.close ()
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A3

with 7|9 EE AF LS A LU f.close () S T=3HA &1 f.write () S TE5tH =2
Moz ZRAUUE £.urice () o] A7} 20 HAF S0 8L 5 AU

519 AA 7L el Fol, with Foluh £.close () & EEFHE 49 BE, Y AAE AS S A=

EAFE o= Ayt

>>> f.close ()
>>> f.read()
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
ValueError: I/0 operation on closed file.

7.21 5t AF o vj 2=
o] A4 o) Lhw)A] o] S £ ehe 54 A7} o] ] ol ATk AR T T

o &S o8, f.read(size) & &30, 4B F tlolEHE g1 AL (H2E RE
o A) °]‘/]’ Hpo] E < (o] g EEOﬂ’ﬂ) 2 E2HF UL size = A= F TX} AAFY Ytk size 7} Y 2F
A TH 7Y g AAE dolA SeFUTh 3d o 27171 71 A9 v 2ejH ot F ouf 2ohd
ol g2 °] A A YUk laxl o i size 2AH(HAE R EOJA) L size HEO] E (W}o] 1A 2]
5011/‘1)% S EeEUTh 9tde ol =LY, f.read () E WAL (') S EHFYTH

>>> f.read()
'This is the entire file.\n'
>>> f.read()

f.readline () L gtdoA] st & & 31]{5‘41;]’, M3 A (\n) = BAL L] Zo| REF T, 51d o] 73
A2 2 A S ol sdel v 2ol AR T oleA 18 g2 REsA o
ok £.readline () 7} ¥ £AQS Eo 21, 7o) ol £2al Aol AT, W £ '\n', 3 1)

AAEATE 2R F AL 2 U

¢

>>> f.readline ()

'This is the first line of the file.\n'
>>> f.readline ()

'Second line of the file\n'

>>> f.readline ()
T

>>> for line in f:
print (line, end="'")

This is the first line of the file.
Second line of the file

>>> f.write('This is a test\n')
15

U2 P AAES 27 Aol Higdd 27 dF5UY - FAE (H2E EEA) o]} vlo]EE A A
(Alol v ] REoA) 7 —
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>>> value = ('the answer', 42)

>>> s = str(value) # convert the tuple to string
>>> f.write(s)

18

£.cell() © 7AS WA AAT AelvlE A58 BelFed, vhol el eo] 49 el AgRe)
wlol= 4 BT AL pEg 49E BERS £A O,

st AA 8] Y X & vl e W, f.seek (offset, whence) & AFEF UL Y X&= 7|2 H 9 offser &
Esf A AbE Utk 715382 whence QAR A B hU o). whence 3ko] 001 34 2] A7

1o18 @A 312 90 F g, 2 & e B3 AN EH 0T ASFUT whence £ AFE 5 93,
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>>> f = open('workfile', 'rb+')

>>> f.write(b'012345678%abcdef')

16

>>> f.seek (D) # Go to the 6th byte in the file
5

>>> f.read (1)

b'S5!

>>> f.seek (-3, 2) # Go to the 3rd byte before the end
13

>>> f.read (1)

b'd!’

=
=
ol 22l A 0 YU th 1 ute) ThE offser k2 o H A b2 AAE wH U

File objects have some additional methods, such as isatty () and truncate () which are less frequently used;
consult the Library Reference for a complete guide to file objects.

7.2.2 json O & F R 2l f|o|E|E & 3]7]

Strings can easily be written to and read from a file. Numbers take a bit more effort, since the read () method only
returns strings, which will have to be passed to a function like int (), which takes a string like ' 123" and returns
its numeric value 123. When you want to save more complex data types like nested lists and dictionaries, parsing and
serializing by hand becomes complicated.

Rather than having users constantly writing and debugging code to save complicated data types to files, Python allows
you to use the popular data interchange format called JSON (JavaScript Object Notation). The standard module called
json can take Python data hierarchies, and convert them to string representations; this process is called serializing.
Reconstructing the data from the string representation is called deserializing. Between serializing and deserializing,
the string representing the object may have been stored in a file or data, or sent over a network connection to some
distant machine.

3
JSON g 4le o8 23S 3] Ao $& Z2aWE0] A5 AUt Be =2 T8 m 7} oln

AR x 7 9% W, e B o) HER 179 ISON 249 BAL 2 4 AUk

>>> import json

>>> x = [1, 'simple', 'list']
>>> json.dumps (x)

'[1, "simple", "list"]'
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dump () BF= dumps (
HAE J]_O1 o]y
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243Uk 28 £ 7F 27 E

CEEE!

3

son.dump (x, f)

To decode the object again, if £ is a binary file or text file object which has been opened for reading:

(=

json.load (f)

3

JSON files must be encoded in UTF-8. Use encoding="ut £-8" when opening JSON file as a fext file for

both of reading and writing.

4. A4 Olaléiﬂ‘a/\% HelE oE 5 AR, 49 S s Jd2H A5 JSON o7
AEstetr] Aeli e e a7t B2 UTE json EE9 #Hdas o] o i AW S EaL
AU
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pickle-¥YZ EE
JSON ¢l ¥Val, pickle & Q2] B33t sholH AAES A3 4 gle =2 EZYYth o]
S I THE Ao 2 A H & T2 AP ET SA ST AFRE 5 s Uth 712 H 0 2 kA 5HA]
A= FULH BE Y axdA 2 HoHE 9 AEsSul, $EH F AR 3] dlo|E 7}
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A% whbe el 299 A9tk

>>> while True print ('Hello world'")
File "<stdin>", line 1
while True print ('Hello world')

AAAAA

SyntaxError: invalid syntax

The parser repeats the offending line and displays little ‘arrow’s pointing at the token in the line where the error was
detected. The error may be caused by the absence of a token before the indicated token. In the example, the error is
detected at the function print (), since a colon (' : ") is missing before it. File name and line number are printed
so you know where to look in case the input came from a script.

8.2 o £

Aol £@A 0] Ao Suk=ch BAtE, A 5
R E R T PR Sk ERE 2
| EEE 2 ) B e s e ] el 22 9ol A RIS oA, el 1l 4 2 5

o] ol & v Al & BE Utk

>>> 10 * (1/0)

Traceback (most recent call last):
File "<stdin>", line 1, in <module>

ZeroDivisionError: division by zero

>>> 4 + spam*3

Traceback (most recent call last):
File "<stdin>", line 1, in <module>

(Th& sl o] A ol Al<%)
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(o] A o] A | A AL)
NameError: name 'spam' is not defined
>>> '2' + 2
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: can only concatenate str (not "int") to str

of g WA A Y upA| gt -2 o o] oA dHFUTH ool = o8] o & Ve, 3 o] WAIA
du=Z AMHY}: o] o AS] L ZeroDivisionError, NameError, TypeError Y UT} o]
ow AT EABE WHT AU o B AL HE DB AT BE
T AR A Y o9 A @Y HEdolE Bt 28 FeE sUth 5
W A ek (ol oF 7191 7} ob L eh),

S U A B2 99 F Al 7S F A BAE Al

o A Ao RREL e Edo]se] FEIE o] 9]/ Yo X 9] RHL HolF ULk JurHoE
429 5L UGS 29 Ed0] 28 TFHL A5 UTh AT, BE 4NN do] A SEL
A3 FEU

bltin-exceptions = W7 | 2] 3 1 59 v & Y&t gls Ytk

8.3 ol ¢ X235}~

A g2 & iﬁtﬂﬁ}“ EE:L'%‘% HEE Aol 7 Ut v A€ EH, 2WE A 45 E w7t

A AREANAl A F & 8 SA T AR AF 22 A S JAHYHE sh= A& C4*‘3“’“%13}(Control cu
190 £ AT ALIE AL o /\}srﬂm A& AF7) BHE Q1B ] E& KeyboardInterrupt 995
do

Je Fel2 Lherdel f¢ s &

>>> while True:

try:
x = int (input ("Please enter a number: "))
break
except ValueError:
print ("Oops! That was no valid number. Try again...")

try ¥ 23 Zo] 23k
e WA, ry A (try & except Alo]o] EAE) o] Asig U th
o o) 7} WAYSA] kO excepr A & AUVH L try w9 AW FESFPUTh

* If an exception occurs during execution of the t ry clause, the rest of the clause is skipped. Then, if its type
matches the exception named after the except keyword, the excepr clause is executed, and then execution
continues after the try/except block.

« If an exception occurs which does not match the exception named in the except clause, it is passed on to outer
t ry statements; if no handler is found, it is an unhandled exception and execution stops with an error message.

A try statement may have more than one except clause, to specify handlers for different exceptions. At most one
handler will be executed. Handlers only handle exceptions that occur in the corresponding #ry clause, not in other
handlers of the same t ry statement. An except clause may name multiple exceptions as a parenthesized tuple, for
example:

. except (RuntimeError, TypeError, NameError):
pass

A class in an except clause matches exceptions which are instances of the class itself or one of its derived classes
(but not the other way around — an except clause listing a derived class does not match instances of its base classes).
For example, the following code will print B, C, D in that order:
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class B (Exception) :
pass

class C(B):
pass

class D(C):
pass

for cls in [B, C, D]:

try:

raise cls ()
except D:

print ("D")
except C:

print ("C")
except B:

print ("B")

Note that if the except clauses were reversed (with except B first), it would have printed B, B, B — the first
matching except clause is triggered.

When an exception occurs, it may have associated values, also known as the exception’s arguments. The presence
and types of the arguments depend on the exception type.

The except clause may specify a variable after the exception name. The variable is bound to the exception instance
which typically has an args attribute that stores the arguments. For convenience, builtin exception types define
__str__ () to print all the arguments without explicitly accessing . args.

>>> try:
raise Exception('spam', 'eggs')
except Exception as inst:

print (type (inst)) # the exception type
print (inst.args) # arguments stored in .args
print (inst) # __str.__ allows args to be printed directly,
# but may be overridden in exception subclasses
X, y = inst.args # unpack args
print ('x =', Xx)

print ('y ="', y)

<class 'Exception'>
('spam', 'eggs')
("spam', 'eggs')
X = spam

y €ggs

The exception’s __str___ () output is printed as the last part (‘detail’) of the message for unhandled exceptions.

BaseException is the common base class of all exceptions. One of its subclasses, Exception, is the base
class of all the non-fatal exceptions. Exceptions which are not subclasses of Except ion are not typically handled,
because they are used to indicate that the program should terminate. They include Sy stemEx1t which is raised by
sys.exit () and KeyboardInterrupt which is raised when a user wishes to interrupt the program.

Exception canbe used as a wildcard that catches (almost) everything. However, it is good practice to be as specific
as possible with the types of exceptions that we intend to handle, and to allow any unexpected exceptions to propagate
on.

The most common pattern for handling Exception is to print or log the exception and then re-raise it (allowing a
caller to handle the exception as well):

import sys

try:
(th= ol Aol A<
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f = open('myfile.txt")
s f.readline ()
i = int(s.strip())
except OSError as err:
print ("OS error:", err)
except ValueError:
print ("Could not convert data to an integer.")
except Exception as err:
print (f"Unexpected {err=}, type (err) ")
raise

The try - except statement has an optional else clause, which, when present, must follow all except clauses. It is
useful for code that must be executed if the 'y clause does not raise an exception. For example:

for arg in sys.argv([l:]:

try:
f = open(arg, 'r')

except OSError:
print ('cannot open', arg)

else:
print (arg, 'has', len(f.readlines()), 'lines')
f.close()

else o Abgol try Zol =& F718h= A BT £2U|, try - except £l 98 EE5H I+
LE7 QOoI|A] e 9B S A3 FA HE AL BAFHI WEDU T

Exception handlers do not handle only exceptions that occur immediately in the #y clause, but also those that occur
inside functions that are called (even indirectly) in the try clause. For example:

>>> def this_fails():
x = 1/0

>>> try:
this_fails()

except ZeroDivisionError as err:
print ('Handling run-time error:', err)

Handling run-time error: division by zero

8.4 o £] d27]7]

raise ¥ Z2IYPM 7L ARG o &7 DA IE = FAD 5 AA Utk A S Eol:

>>> raise NameError ('HiThere')
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
NameError: HiThere

The sole argument to raise indicates the exception to be raised. This must be either an exception instance or an
exception class (a class that derives from BaseException, such as Exception or one of its subclasses). If an
exception class is passed, it will be implicitly instantiated by calling its constructor with no arguments:

[raise ValueError # shorthand for 'raise ValueError()' ]

BFOF o 9] 71 WA A = Gokok 3hA| B A 2l Skl A& Shrh, T 1eka FERS] raise Bo] 1] 9
thA Qo2 5 gl Fu T
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>>> try:
raise NameError ('HiThere')
except NameError:
print ('An exception flew by!')
raise

An exception flew by!

Traceback (most recent call last):
File "<stdin>", line 2, in <module>

NameError: HiThere

8.5 o] A4

If an unhandled exception occurs inside an except section, it will have the exception being handled attached to it
and included in the error message:

>>> try:
open ("database.sglite")
except OSError:
raise RuntimeError ("unable to handle error")

Traceback (most recent call last):
File "<stdin>", line 2, in <module>
FileNotFoundError: [Errno 2] No such file or directory: 'database.sglite'

During handling of the above exception, another exception occurred:
Traceback (most recent call last):

File "<stdin>", line 4, in <module>
RuntimeError: unable to handle error

To indicate that an exception is a direct consequence of another, the raise statement allows an optional from
clause:

# exc must be exception instance or None.
raise RuntimeError from exc

oA & & AT o FE&F F UAFUTE oAl E EH:
N

>>> def func():

raise ConnectionError
>>> try:

func ()

except ConnectionError as exc:
raise RuntimeError ('Failed to open database') from exc

Traceback (most recent call last):
File "<stdin>", line 2, in <module>
File "<stdin>", line 2, in func

ConnectionError

The above exception was the direct cause of the following exception:
Traceback (most recent call last):

File "<stdin>", line 4, in <module>
RuntimeError: Failed to open database

It also allows disabling automatic exception chaining using the from None idiom:
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>>> try:
open ('database.sglite')
except OSError:
raise RuntimeError from None

Traceback (most recent call last):
File "<stdin>", line 4, in <module>
RuntimeError

A4 vl A Y Zof o & 2FA & U]-§-2, bltin-exceptions & 2 34 Al L.

8.6 <187} H ] o 2]

A oo FHAE HFoEMN TR WL ALY Lo o5& Y F AFUTH (o)A S o) th
ZHA S Y82 ZE s E BAR). A= BE AFH o2 Y MY A O R Exception FHAE ASH
Yt}

Exception classes can be defined which do anything any other class can do, but are usually kept simple, often only
offering a number of attributes that allow information about the error to be extracted by handlers for the exception.

T HEO] o9l = BF o9 59| o] 253} AV, “Error” & 2= o]2 0 2 Ao g Ut}

Many standard modules define their own exceptions to report errors that may occur in functions they define.

8.7 142 52 Aot

try 22 £t}

% ‘—H_']
AHSH UL o & Sol:

>>> try:
raise KeyboardInterrupt
finally:
print ('Goodbye, world!"'")

Goodbye, world!

Traceback (most recent call last):
File "<stdin>", line 2, in <module>

KeyboardInterrupt

finally Ze] 9o, try o] #5857 o] finally Fo] vpx 2t Ao g AWt} finally
AL try Fol 98 AASEAS BAY AFH ULk B A BT ) o BFS A E
ARy
s try Ag AR ehE S 97 BAGE, except ol A o2 € AT 5 AUk A7
except HoA A E|H A FoH, flnally Aol A EH T of &) 7} THA] alz\ggqr/}
» exceptllelse A Ad Fof o7 HAT 5 IFUTE THA], finally Zo] AP & o 2] 7
ENE 2 LEs=S
 If the finally clause executes a break, continue or return statement, exceptions are not re-raised.
* try #°| break, continue B+ return ¥° E23%}H, finally B2 break, continue =+
return ¥ A3 A Ao Ay qr/}
e finally Zof return Fo] £ W, U3} 212 try 9 return o] £+ Zko] oty g},
finally @9 return o] & ko] F Yt}

=4

o

i
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>>> def bool_return():
try:
return True
finally:
return False

>>> bool_return ()
False

EEET P

>>> def divide(x, y):
try:
result = x / y
except ZeroDivisionError:
print ("division by zero!")
else:
print ("result is", result)
finally:
print ("executing finally clause")

>>> divide (2, 1)

result is 2.0

executing finally clause

>>> divide (2, 0)

division by zero!

executing finally clause

>>> divide("2", "1")

executing finally clause

Traceback (most recent call last):
File "<stdin>", line 1, in <module>
File "<stdin>", line 3, in divide

TypeError: unsupported operand type(s) for /: 'str' and 'str'

Bl wute} Zol, finally 82 & Ffol Adg Utk 7 2ALEE WA 28 S TypeError &
except ol o3 A2 A ¢kl finally Fo] AFH Fof thA] Do gt}

2 o]
AA A S8 22l A, finally A2 &7 AHd S AHE D wl, 34 A A obd x2 BA Lo,

8.8 mg] Jojd AR T&=
oJW AANEL AANH B ¢2 w) A3
Q4ke] 47 iR ol BAGE YT H 2

for line in open("myfile.txt"):
print (line, end="")

542 FAPUth 1 AANE A
S kS ol BA L.

o mEO] EARL of BEo] AYL B HANE ST 4 9E /N ER HYL dA A= ErhE
AQUT e 2T Y e AE £AL A GAT, 2 5§ m2 IR s BAE 5 9EUn
with B2 73} 22 AR So] A Ll 94e W E% wgshs E e AT

with open("myfile.txt") as f:
for line in f:
print (line, end="")

ol AdE Foll, 2 A st ol EAVEASHEE, 3 f £ 4 2d YT 9Dt 2ol v g
old SR8 TAES ATste AAES 159 A A o] AMd S AR I
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8.9 Raising and Handling Multiple Unrelated Exceptions

There are situations where it is necessary to report several exceptions that have occurred. This is often the case in
concurrency frameworks, when several tasks may have failed in parallel, but there are also other use cases where it is
desirable to continue execution and collect multiple errors rather than raise the first exception.

The builtin ExceptionGroup wraps a list of exception instances so that they can be raised together. It is an
exception itself, so it can be caught like any other exception.

>>> def f():
excs = [OSError ('error 1'), SystemError('error 2')]
raise ExceptionGroup ('there were problems', excs)
>>> f()
+ Exception Group Traceback (most recent call last):
| File "<stdin>", line 1, in <module>
| File "<stdin>", line 3, in £
| ExceptionGroup: there were problems
o 1 ———————
| OSError: error 1

| SystemError: error 2
£()
except Exception as e:

print (f'caught {type(e) }: e')

caught <class 'ExceptionGroup'>: e
>>>

By using except * instead of except, we can selectively handle only the exceptions in the group that match a
certain type. In the following example, which shows a nested exception group, each except * clause extracts from
the group exceptions of a certain type while letting all other exceptions propagate to other clauses and eventually to
be reraised.

>>> def f():
raise ExceptionGroup (
"groupl",
[
OSError (1),
SystemError (2),
ExceptionGroup (
"group2",
[
OSError (3),
RecursionError (4)

>>> try:
£()
except* OSError as e:
print ("There were OSErrors")
except* SystemError as e:
print ("There were SystemErrors")

There were OSErrors
There were SystemErrors

(th& sl o] A ol Al <)
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(o1 A o] A | A Al)
+ Exception Group Traceback (most recent call last):
| File "<stdin>", line 2, in <module>
| File "<stdin>", line 2, in £
| ExceptionGroup: groupl
o ] ———

| ExceptionGroup: group?2
ot 1 ———
| RecursionError: 4
+ ____________________________________
>>>

Note that the exceptions nested in an exception group must be instances, not types. This is because in practice the
exceptions would typically be ones that have already been raised and caught by the program, along the following
pattern:

>>> excs = []
for test in tests:
try:
test.run ()
except Exception as e:
excs.append (e)

>>> if excs:
raise ExceptionGroup ("Test Failures", excs)

8.10 Enriching Exceptions with Notes

When an exception is created in order to be raised, it is usually initialized with information that describes the error
that has occurred. There are cases where it is useful to add information after the exception was caught. For this
purpose, exceptions have a method add_note (note) that accepts a string and adds it to the exception’s notes
list. The standard traceback rendering includes all notes, in the order they were added, after the exception.

>>> try:
raise TypeError ('bad type')
except Exception as e:
e.add_note ('Add some information')
e.add_note ('Add some more information')
raise

Traceback (most recent call last):
File "<stdin>", line 2, in <module>

TypeError: bad type

Add some information

Add some more information

>>>

For example, when collecting exceptions into an exception group, we may want to add context information for the
individual errors. In the following each exception in the group has a note indicating when this error has occurred.

>>> def f():
raise OSError ('operation failed')

>>> excs = []
>>> for i1 in range(3):
try:
£0)
except Exception as e:
(Th5 # o] A ol A<

8.10. Enriching Exceptions with Notes 73




Python Tutorial, ¥ 2] 4 3.12.4

(o1 = o] A | A Al <5)
e.add_note (f'Happened in Iteration {i+1}')
excs.append (e)

>>> raise ExceptionGroup ('We have some problems', excs)
+ Exception Group Traceback (most recent call last):
| File "<stdin>", line 1, in <module>
| ExceptionGroup: We have some problems (3 sub-exceptions)
o ] ———
| Traceback (most recent call last):
| File "<stdin>", line 3, in <module>
| File "<stdin>", line 2, in f
| OSError: operation failed
| Happened in Iteration 1

| Traceback (most recent call last):

| File "<stdin>", line 3, in <module>
| File "<stdin>", line 2, in f

| OSError: operation failed

| Happened in Iteration 2

| Traceback (most recent call last):

| File "<stdin>", line 3, in <module>
| File "<stdin>", line 2, in f

| OSError: operation failed

| Happened in Iteration 3

>>>
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Attributes may be read-only or writable. In the latter case, assignment to attributes is possible. Module attributes are
writable: you can write modname .the_answer = 42. Writable attributes may also be deleted with the de 1
statement. For example, del modname.the_answer will remove the attribute the_answer from the object
named by modname.

A9l 35 BES) OBl B Est mEdlA 4918 Ao o 2ol 44 A2
o8 7+ FHITH!

o8 BUEL AT OhE o] WEolA T AR THE £9E 2EUTE W I SES Bt o 2L
o] JAE|Z B 7} A &S ol TS0l A1 D8] AYPAA GFUth 5 AY o5 3T EE A
o E 9t B IEUTE BE, nF o & 20 ARz el 87 B ulhA gt Qe e e
A SR A, 2THE ol t3g o= ¢8|, ¥ 452 _main__ ozt B+
RE YRR AAAAN I 5 ALY o5 T2 ZsUth (WAZ ol55 B3 &0 &ot=t; o) A=
builtins & FE54Yt})

P42 A9 012 BNL B4k 52E 1 HEOIA T, o BARAL B4 ol A Al A e
oAle]E doZ uf AHAIH Yth (A, Lo AthE Aol AAE dojubs Lol tist o £ A dYth)
=&, A8 252 47 217] ApLl Rk A9 o] & ¥ syt

£TE o) E B0 AR WA S Y kol f 2 e Ak 4ol G UTh o} A 4 ]
AA 2 T ol @ o B0 TN ATFIE A P 2} L ol B B LoA o] B2 2021 A K ek

ojul gy,
Tt Ao AAFNE £, THLZ AZH UL A3 5 o= Al F A, o] F L=
S A Ao, A A e 23 :
« 71 WA AT L, A YR 2mEE A ol
* the scopes of any enclosing functions, which are searched starting with the nearest enclosing scope, contain
non-local, but also non-global names
s vpA e e 2nze A R EY A oS5 EFT T
- P UE AAEE) P R ATEE Y o §ES TFHL Y ol FXAULH
If a name is declared global, then all references and assignments go directly to the next-to-last scope containing the
module’s global names. To rebind variables found outside of the innermost scope, the nonlocal statement can be

used; if not declared nonlocal, those variables are read-only (an attempt to write to such a variable will simply create
a new local variable in the innermost scope, leaving the identically named outer variable unchanged).
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def scope_test():
def do_local():
spam = "local spam"

def do_nonlocal():
nonlocal spam
spam = "nonlocal spam"

def do_global():
global spam

spam = "global spam"
spam = "test spam"
do_local ()
print ("After local assignment:", spam)
do_nonlocal ()
print ("After nonlocal assignment:", spam)
do_global ()
print ("After global assignment:", spam)

scope_test ()
print ("In global scope:", spam)

oA e YL o9 By

After local assignment: test spam

After nonlocal assignment: nonlocal spam
After global assignment: nonlocal spam
In global scope: global spam

oA A1 v o] (o] A o] 71 AU T scope_test 2] spam A A&
o 2 scope_test 2] spam A 8-& WHFAl global Y2 & +F2 94<

global el Mol spam o o] Grke AL 2 4 4Tk
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class ClassName:
<statement-1>

<statement-N>
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When a class definition is left normally (via the end), a class object is created. This is basically a wrapper around the
contents of the namespace created by the class definition; we’ll learn more about class objects in the next section. The
original local scope (the one in effect just before the class definition was entered) is reinstated, and the class object is
bound here to the class name given in the class definition header (ClassName in the example).

rE iy
[

9.3.2 Za 2 A

AU o ERRE Fxo AXd X 7.

il
E
2E o= RE B2l e
N

AA 7} Sl w) Fefxe

t}: obj.name. <

15 Ay LA,

i)
orr
i g
N
A
rk

>,
o oo
F oot
o ©

o

class MyClass:
""nA simple example class"""
i = 12345

def f (self):
return 'hello world'

thenMyClass.iandMyClass. f are valid attribute references, returning an integer and a function object, respec-
tively. Class attributes can also be assigned to, so you can change the value of MyClass . 1 by assignment. ___doc___
is also a valid attribute, returning the docstring belonging to the class: "A simple example class".
Sehs Q2L BEY £ F5 BWS ASTUT S AA SHAY A Q2UAE BT
A Gt B9l AU ol 8 o) (A9 22 AHgshu),

[x = MyClass ()

rr

< 22 A " xS RS o] AAE A G ¥ x o Ao

The instantiation operation (“calling” a class object) creates an empty object. Many classes like to create objects with
instances customized to a specific initial state. Therefore a class may define a special method named __init__ (),
like this:
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def _ init__ (self):

self.data = []
When a class defines an __init__ () method, class instantiation automatically invokes __init__ () for the
newly created class instance. So in this example, a new, initialized instance can be obtained by:
[x = MyClass () }
Of course, the __init__ () method may have arguments for greater flexibility. In that case, arguments given to
the class instantiation operator are passed onto __init__ (). For example,

>>> class Complex:

def _ init_ (self, realpart, imagpart):
self.r = realpart
self.i = imagpart

>>> x = Complex (3.0, —-4.5)
>>> xXx.r, x.1
(3.0, —-4.5)

9.3.3 S AEI A AAH|

oAl Axdz ANE RS T 5 SR ALEA AR} ol B 27 ArpA AL o ERHE
Fr AU F 7] S/ ke 01 El FE o]F°] dFUTH: dojH A EZREL} HAE.
data attributes correspond to “instance variables” in Smalltalk, and to “data members” in C++. Data attributes need

not be declared; like local variables, they spring into existence when they are first assigned to. For example, if x is
the instance of MyClass created above, the following piece of code will print the value 1 6, without leaving a trace:

x.counter = 1
while x.counter < 10:
X.counter = x.counter * 2

print (x.counter)
del x.counter

The other kind of instance attribute reference is a method. A method is a function that “belongs to” an object.

AAEA AL SHIE HlAE o] 2L AL Za 2o DEl YUt FoA) aha AR ol Zero RE
OEFREEL A5 dadad iAEES F T :L?JW %29 °4Vﬂ°ﬂ/ﬂ x.f+ iﬂ}—
HAE F2AH, MyClass. £ 7} o] 7] w2 J Yt W“Px i+ 238X &2, MyClass.i 7}
gt otyzl Wi d Ytk 28y, x. £ & MyClass. £ 2F &2 2 9] 0}”'/13}— o] 21X & AA 7t
obU e MM E A Yyt

9.3.4 WA= A

HE dAEs 445 Ava s &g vt

[x.f() J

In the MyClass example, this will return the string 'hello world'. However, it is not necessary to call a
method right away: x . f is a method object, and can be stored away and called at a later time. For example:

xf = x.f
while True:
print (x£())

£ 993 A% hello world & A gyt

What exactly happens when a method is called? You may have noticed that x . £ () was called without an argument
above, even though the function definition for £ () specified an argument. What happened to the argument? Surely
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Python raises an exception when a function that requires an argument is called without any — even if the argument
isn’t actually used---

AT AALE GE VTS AGuT: A SABL danle Aal ool A WA das
gunE AU S o M
ﬂ4ﬂ4—45321ﬂ1 9

T =
— =
WE AR BEo R FeoE B

In general, methods work as follows. When a non-data attribute of an instance is referenced, the instance’s class is
searched. If the name denotes a valid class attribute that is a function object, references to both the instance object
and the function object are packed into a method object. When the method object is called with an argument list, a
new argument list is constructed from the instance object and the argument list, and the function object is called with
this new argument list.
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class Dog:

kind = 'canine' # class variable shared by all instances
def _ init_ (self, name):
self.name = name # instance variable unique to each instance

>>> d = Dog('Fido"')
>>> e = Dog('Buddy')

>>> d.kind # shared by all dogs
'canine'’
>>> e.kind # shared by all dogs
'canine'’
>>> d.name # unique to d
'Fido'
>>> e.name # unique to e
'Buddy'
o3} 2170 B3 o] o)A = W], Pl A= B ok 2L A1 AL G 2wl T o o)

SEANA XD DAE 2 15 Hol AT A Bl g w=oh ok e L Fehs W
4ﬁﬂﬂ®ﬂk}%lﬂﬂ4ﬂAEﬂ 0g NS0 F5 7] W&t
class Dog:

tricks = [] # mistaken use of a class variable

def _ init_ (self, name):

self.name = name
def add_trick(self, trick):
self.tricks.append(trick)

>>> d = Dog('Fido"')
>>> e = Dog('Buddy"')
>>> d.add_trick ('roll over'")
>>> e.add_trick('play dead')
>>> d.tricks # unexpectedly shared by all dogs
['roll over', 'play dead']
A, Feh o ukE MAL B WSS A S oF T
80 Chapter 9. Zej~




Python Tutorial, @8] £ 3.124

class Dog:

def _ init_ (self, name):
self.name = name
self.tricks = [] # creates a new empty list for each dog

def add_trick(self, trick):
self.tricks.append(trick)

>>> d = Dog('Fido")

>>> e = Dog('Buddy')

>>> d.add_trick('roll over')
>>> e.add_trick('play dead")
>>> d.tricks

['roll over']

>>> e.tricks

['play dead']

0.4 7|t FIAFE

it Sefn RFA B2 oJERRE o] F0] 3, o ERHE 23]

rlr
ro
[>
rm
[>
i
o
>
L
AW

ol A
c}:

>>> class Warehouse:

purpose = 'storage'
region = 'west'
>>> wl = Warehouse ()

>>> print (wl.purpose, wl.region)
storage west

>>> w2 = Warehouse ()

>>> w2.region = 'east'

>>> print (w2.purpose, w2.region)
storage east
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# Function defined outside the class
def fl(self, x, y):
return min(x, xty)

class C:
f = f1

def g(self):
return 'hello world'

h =g

Now £, g and h are all attributes of class C that refer to function objects, and consequently they are all methods of
instances of C — h being exactly equivalent to g. Note that this practice usually only serves to confuse the reader of
a program.

HAEE self A HAE o ER|REE AHESiA e vINEE 35T + dFUth:

class Bag:
def _ init__ (self):
self.data = []

def add(self, x):
self.data.append (x)

def addtwice(self, x):
self.add(x)
self.add (x)
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class DerivedClassName (BaseClassName) :
<statement-1>

<statement-N>

The name BaseClassName must be defined in a namespace accessible from the scope containing the derived class
definition. In place of a base class name, other arbitrary expressions are also allowed. This can be useful, for example,
when the base class is defined in another module:

[class DerivedClassName (modname.BaseClassName) : }

st e el 4o wols 2
Wlol 2 Fel 27k 1B U e o] 2L of
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class DerivedClassName (Basel, Base2, Base3):
<statement-1>

<statement-N>

For most purposes, in the simplest cases, you can think of the search for attributes inherited from a parent class as
depth-first, left-to-right, not searching twice in the same class where there is an overlap in the hierarchy. Thus, if an
attribute is not found in DerivedClassName, it is searched for in Basel, then (recursively) in the base classes
of Basel, and if it was not found there, it was searched for in Base?2, and so on.

A, AR A2 BRI S A8 $AE super () 2 B A T2E A US43
=Roz MAFUL o] AWML Bd o2 o= AL ojo] S 01]/\1 call-next-method 2}a1 <& A 911,
ool Ab 010} ol A Hlﬁﬂ super &= W o} o 7= ch

Dynamic ordering is necessary because all cases of multiple inheritance exhibit one or more diamond relationships
(where at least one of the parent classes can be accessed through multiple paths from the bottommost class). For
example, all classes inherit from object, so any case of multiple inheritance provides more than one path to reach
object. To keep the base classes from being accessed more than once, the dynamic algorithm linearizes the search
order in a way that preserves the left-to-right ordering specified in each class, that calls each parent only once, and that
is monotonic (meaning that a class can be subclassed without affecting the precedence order of its parents). Taken
together, these properties make it possible to design reliable and extensible classes with multiple inheritance. For
more detail, see python_2.3_mro.
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The private name mangling specifications for details and special cases.
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class Mapping:
def _ init_ (self, iterable):
self.items_list = []
self.__update (iterable)
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def update(self, iterable):
for item in iterable:
self.items_list.append (item)

__update = update # private copy of original update () method
class MappingSubclass (Mapping) :

def update(self, keys, values):
# provides new signature for update ()
# but does not break __init__ ()
for item in zip (keys, values):
self.items_list.append(item)

$19] ol = MappingSubclass7t__update A EAE =Y otH 2t 25 Ut Mapping 28|20 A
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9.7 FEA

Sometimes it is useful to have a data type similar to the Pascal “record” or C “struct”, bundling together a few named
data items. The idiomatic approach is to use dataclasses for this purpose:

from dataclasses import dataclass

@dataclass

class Employee:
name: str
dept: str
salary: int

>>> john = Employee('john', 'computer lab', 1000)
>>> john.dept

'computer lab'

>>> john.salary

1000

A piece of Python code that expects a particular abstract data type can often be passed a class that emulates the
methods of that data type instead. For instance, if you have a function that formats some data from a file object, you
can define a class with methods read () and readline () that get the data from a string buffer instead, and pass
it as an argument.

Instance method objects have attributes, too: m.___self__ is the instance object with the method m (), and m.
___func___is the function object corresponding to the method.
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for element in [1, 2, 3]:
print (element)

for element in (1, 2, 3):
print (element)

for key in {'one':1, 'two':2}:
print (key)

for char in "123":
print (char)

for line in open("myfile.txt"):
print (line, end='"")
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>>> s = 'abc'
>>> it = iter(s)
>>> it

<str_iterator object at 0x10c90e650>
>>> next (it)

00

>>> next (it)

'bl

>>> next (it)

(th& sl o] A ol Al<)
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(o] A o] A | A AL)
ICI
>>> next (it)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
next (1it)
StopIteration

Having seen the mechanics behind the iterator protocol, it is easy to add iterator behavior to your classes. Define an
__iter__ () method which returns an object with a __next__ () method. If the class defines __next__ (),
then __iter__ () can justreturn self:

class Reverse:
"""Tterator for looping over a sequence backwards.
def _ init_ (self, data):
self.data = data
self.index = len (data)

mmn

def _ iter_ (self):
return self

def _ next_ (self):
if self.index ==
raise StopIteration
self.index = self.index - 1
return self.data[self.index]

>>> rev = Reverse('spam')
>>> iter (rev)
<__main__ .Reverse object at 0x00A1DB50>
>>> for char in rev:
print (char)

n v e 3 -
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def reverse (data):
for index in range(len(data)-1, -1, -1):
yield data[index]

>>> for char in reverse('golf'):
print (char)

Q O H Hh o

J

Anything that can be done with generators can also be done with class-based iterators as described in the previous
section. What makes generators so compact is that the __iter_ () and __next__ () methods are created
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automatically.
=S 8 )5S A ASET 4% AEs E2 7] A5 0w BREThe AUtk o AL
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>>> sum(i*i for i in range (10)) # sum of squares

285

>>> xvec = [10, 20, 30]

>>> yvec = [7, 5, 3]

>>> sum(x*y for x,y in zip(xvec, yvec)) # dot product

260

>>> unique_words = set (word for line in page for word in line.split())

>>> valedictorian = max((student.gpa, student.name) for student in graduates)

>>> data = 'golf'
>>> list(data[i] for i in range(len(data)-1, -1, -1))
[lf', lll, 'O', lgl]
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10.1 2 A A ¢lE]H o] A

os REX = AALZZ A&7 A% 74 7HA s AU

>>> import os

>>> os.getcwd () # Return the current working directory
'C:\\Python312'

>>> os.chdir ('/server/accesslogs') # Change current working directory
>>> os.system('mkdir today') # Run the command mkdir in the system shell
0

from os import * TJAlY] import os 2~EFLE AFES|oF YTl L@ oF os.open() ©] WH

open () & 7helt AL AT 5 dwl, T B4t ok th2d S AT
os 9 2e 2 RETH AYT W, W dir ) Fhelp() T4t thEHY E902 LRI AHUTh

>>> import os

>>> dir (os)

<returns a list of all module functions>

>>> help (os)

<returns an extensive manual page created from the module's docstrings>

QAR A A g B FYL A9, shutil BEL AE37) 419 6 2529 AE o] A2
AlSgth:

>>> import shutil

>>> shutil.copyfile('data.db', 'archive.db')

'archive.db'

>>> shutil.move ('/build/executables', 'installdir')

'installdir'
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10.2 3} ¢ld =51

glob REC THE e FAEAE Aoz 5l B2 pEs 42 AT

>>> import glob
>>> glob.glob('*.py'")
['"primes.py', 'random.py', 'quote.py']

10.3 FJ 3 A=A}

Common utility scripts often need to process command line arguments. These arguments are stored in the sys
module’s argy attribute as a list. For instance, let’s take the following demo . py file:

# File demo.py
import sys
print (sys.argv)

Here is the output from running python demo.py one two three at the command line:

[[’demo.py', 'one', 'two', 'three'] }

argparse RE2 H s
EPEEEEEREEPEE AL RS S

import argparse

parser = argparse.ArgumentParser (

prog="top",

description="'Show top lines from each file')
parser.add_argument ('filenames', nargs='+")
parser.add_argument ('-1', '--lines', type=int, default=10)

args = parser.parse_args()
print (args)

rlr

python top.py —-lines=5 alpha.txt beta.txtE AFR3lo] B3 SoA AP uf, AT HE
args.lines& 5%, args.filenamesE ['alpha.txt', 'beta.txt']ZE A 7@ syt

104 o 4 Yt =223 2

tlo

SUth 74 ok B 22 sidowr o] BT E 5 9]
227} JH U

>>> sys.stderr.write('Warning, log file not found starting a new one\n')
Warning, log file not found starting a new one

sys 252 stdin, stdout, stderr A EB|HE X zr11 9]
s & Qe Aoy dAAES S8 3t=t
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re REL 17 BAE A2l A AT ETES AU BRD YA 2242 9, AAL
DA A A4S SRS A ST o

f

>>> import re

>>> re.findall (r'\bf[a-z]*', 'which foot or hand fell fastest')
["foot', 'fell', 'fastest']

>>> re.sub(r' (\b[a-z]+) \1', r'\1', 'cat in the the hat')

'cat in the hat'

A g 7 et 23 G ol A A =Sl daE e 7l At el G gt

>>> 'tea for too'.replace('too', 'two')
'tea for two'

10.6 <3t

The math module gives access to the underlying C library functions for floating-point math:

>>> import math
>>> math.cos (math.pi / 4)
0.70710678118654757
>>> math.log (1024, 2)
10.0
random ZEE FA AEHS & 4 = =752 AT Y
>>> import random
>>> random.choice (['apple', 'pear', 'banana'l])
'apple'
>>> random.sample (range (100), 10) # sampling without replacement
[30, 83, 16, 4, 8, 81, 41, 50, 18, 33]
>>> random.random () # random float
0.17970987693706186
>>> random.randrange (6) # random integer chosen from range (6)
4
J
statistics RES £ HolEHe) /| RAd EAE SASS (B2, 207 B4, 55) Adgn

>>> import statistics

>>> data = [2.75, 1.75, 1.25, 0.25, 0.5, 1.25, 3.5]
>>> statistics.mean (data)

1.6071428571428572

>>> statistics.median (data)

1.25

>>> statistics.variance (data)

1.3720238095238095

SciPy X 2 A E <https://scipy.org> & ThHe 4] A4S BREE5S Bol 21 s Uth

10.5. =249 el o)y o
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10.7 A& Yl gA 2

QE UL AN ABT QEYl ZEEZELS st w

< EEo] stk 78 e+ 7= URL
o Hlo]HE o]+ urllib. request & WS U&=

smtplib YU T}:

>>> from urllib.request import urlopen
>>> with urlopen('http://worldtimeapi.org/api/timezone/etc/UTC.txt') as response:
for line in response:

line = line.decode () # Convert bytes to a str
if line.startswith('datetime') :
print (line.rstrip()) # Remove trailing newline

datetime: 2022-01-01T01:36:47.689215+00:00

>>> import smtplib

>>> server = smtplib.SMTP ('localhost')

>>> server.sendmail ('soothsayer@example.org', 'Jjcaesar@example.org',
"""To: jcaesar@example.org
From: soothsayer(@example.org

Beware the Ides of March.
mn H)

>>> server.quit ()

(7 A ol = localhost ol A ¥ D A ¥ 7} A 3] 31 glof oF Shrh= Aol 9] 5HA 8.)

10.8 Ixie} x| 7H

datetime B EL YA} A 7HE 2235 = 252 Alwsted, 7hast b 3 B3 vy 2% A
FUH @R} A7 Abs o] A YHEHA T 3o 212 28 2uHA 2SS Hd 2 EFHoE WHE
FE3=do] HHA AFULE BE2 AN E 183 AAEE AU h

>>> # dates are easily constructed and formatted
>>> from datetime import date
>>> now = date.today ()

>>> now
datetime.date (2003, 12, 2)
>>> now.strftime ("%m-%d-%y. %d %b %Y is a %A on the 2d day of %$B.")

'12-02-03. 02 Dec 2003 is a Tuesday on the 02 day of December.'

>>> # dates support calendar arithmetic
>>> birthday = date (1964, 7, 31)

>>> age = now - birthday

>>> age.days

14368

10.9 vlole] &3

QubA ol HolE Bt W 4% YA 5

zipfile, tarfile

fifo

g3 22 2EE0 A8 ALE YT z1ib, gzip, bz2, 1zma,

>>> import zlib

>>> s = b'witch which has which witches wrist watch'
>>> len(s)

41

>>> t = zlib.compress(s)

(th= ol Aol A<
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>>> len(t)
37
>>> zlib.decompress (t)
b'witch which has which witches wrist watch'
>>> zlib.crc32(s)

226805979

. =
10.10 J5 53
Q% oo W AL EAHELS 2L Aol 03 The FEHES AR A5 S Hotei 2L B T
Ssruich kol M2 ol @ AEEo] 24 §he Rt 54 £ 7 AU
oIg Sol, AAEL WA= AEAA A OAlol, B2 A3} A AL AEHTA e F5L
= % U tineic REE AR A% ol & ASHA HolF U

>>> from timeit import Timer

>>> Timer ('t=a; a=b; b=t', 'a=1; b=2"') .timeit ()
0.57535828626024577
>>> Timer('a,b = b,a', 'a=1l; b=2").timeit ()

0.54962537085770791

timeit & FUE}= N2 H OS2 profile Y pstats BES 2 EFY T oA A A AAE

4837 99 =7 ES AT Yk

10.11 =3 A<

AEAY AZE O E NTEtE St 7 A A2 MdE = 4 5o dSHAEE A8, IAES
Nt ZRA A Fof| 2 A st A Y

doctest EES EES ORI =2
Uth H2E e/ =3l 35S 1 4
Zrds AUt ARERFo| Al A A E

A 3] AHARIA] Elst e = gyt

def average (values) :
"""Computes the arithmetic mean of a list of numbers.

>>> print (average ([20, 30, 70]))
40.0

mn

return sum(values) / len(values)

import doctest
doctest.testmod () # automatically validate the embedded tests

unittest 2 E-2 doctest REWF 412 A2 ot A vk, o] 22 A HAE J

#2F 5 QA Fuch

oot
o
&
krl
1o
o
ne
fru

import unittest
class TestStatisticalFunctions (unittest.TestCase) :

def test_average (self):
self.assertEqual (average ([20, 30, 70]), 40.0)
self.assertEqual (round (average([1, 5, 7]1), 1), 4.3)
with self.assertRaises (ZeroDivisionError) :

(h& sl o] A ol Al<%)
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average ([])
with self.assertRaises (TypeError) :
average (20, 30, 70)

unittest.main () # Calling from the command line invokes all tests

1012 wjele) 7 23Ut

shol e “wiEl 27} RHUTH Aehe 2 AUth ol © 2 749 Amsta 2y

3] 714 & Ve th o 2 Eol:

e The xmlrpc.client and xmlrpc.server modules make implementing remote procedure calls into an
almost trivial task. Despite the modules’ names, no direct knowledge or handling of XML is needed.

e email 37| A& MIME % 7] €} RFC 2822 7|4t Bl A| X FA & 2331 AR W d WA A& H#E
st7] A1k ol B gl Y Uth AA R WA A& Bl W= smtplib £ poplib &= &, email
W7 A= HEAS EAIA 2 (FE Y 23 & 4G AU S8t AU AP e 22
E2e PUN AT BHA =T AAE AT Ak

* json 7|2 = I AR E = o B w2 FA 2 s A AE e A dS AT UL csv
R UolEHH oA AZH A EA UUEH O Z AU = IRE T T FACE LS
A-D AT Z& 5 AEE ALYt XML A 8l+= xml.etree.ElementTree, xml.dom & xml.
sax 7] Ao o3 A AGUth olefs BREFH |7 AE A AHEsHE spo)H & =2 135

2 57 7+ vlolE mdo] A s F Ytk

* sglite3 2&-> SQLite t o] Bl ¥ o] & 2o H 2 2] 2 &3 Qld|, 3t vl F SQL +&

rok

7]

off
o

o

AEEE

¢

AUlo|EX I AN A F 5 Qe HALHE do|Hu| o]~ F AlFF U Th
o A 8= gettext, locale, 18 Al codecs 7| A& T3 W2 BE ) A AF Yrh

94 Chapter 10. £ glo|B 2|2 521 7|
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reprlib BEES I AU ZA SHE AH oY o taZ# ol & 98 A2Eue]=2H repr () 9
HAZ A&k

>>> import reprlib
>>> reprlib.repr (set ('supercalifragilisticexpialidocious'))
ll{lal’ lcl, ldl, Iel, Ifl, IgI’ '..}ll

pprint BEL JEZ 87 92 5 e 0w g AR A A 49 AAE Asshe A2 vt
A5 AT 5 A FU T ARV B 2R AW R 2 A7} 2 B So)227) 8 F75t]
dlole T2E o} WekaA ek

>>> import pprint
>> t = [[[['black', 'cyan'], 'white', ['green', 'red']], [['magenta',
'yellow'], 'blue']]]

>>> pprint.pprint (t, width=30)

[[[['black', 'cyan'],
'white',
['green', 'red'l],
[['magenta', 'yellow'],
'blue']]]

@S ol 34 v o 5 =gy o

Ao

textwrap RES HAE

>>> import textwrap

>>> doc = """The wrap () method is just like fill() except that it returns
a list of strings instead of one big string with newlines to separate
the wrapped lines."""

>>> print (textwrap.fill (doc, width=40))
The wrap() method is just like fill ()
(th& sl o] A ol Al45)
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(o] 3| o] A ol A Al)
except that it returns a list of strings
instead of one big string with newlines
to separate the wrapped lines.

locale R E2 &34 EA dlol g 2] o] gf ol o] 20 HA| 2t} locale 2] format $H4=2] grouping
AEYRHEE 15 T2 7|E2 A8 23t A7 4 A S Alg @y

>>> import locale
>>> locale.setlocale(locale.LC_ALL, 'English_United States.1252"'")
'English_United States.1252'

>>> conv = locale.localeconv () # get a mapping of conventions
>>> x = 1234567.8

>>> locale.format_string("$d", x, grouping=True)

'1,234,567"

>>> locale.format_string("%$s%.*f", (conv|['currency_symbol'],

conv|['frac_digits'], x), grouping=True)

'$1,234,567.80"

et BN 21 daUth WA AR AL S8 = ~
Elujol =8 4 gl U,
P4 s ot RS Thol A AW} (J5AY WE) 2 BEo] 7 2 EAA o) 2L AS AT FREE
gl AR EAAE SEAE Buglo] A5RAT LS B 4 5 UTh 532 21 shte] o]
Aol A s 2 vhE LT

>>> from string import Template

>>> t = Template('S${village}folk send $$10 to Scause.')

>>> t.substitute(village='Nottingham', cause='the ditch fund')
'Nottinghamfolk send $10 to the ditch fund.'

substitute () WA EE A FEA A7 AV E U 719 E AR Al F5 A ¢S 0 KeyError &
donYch wd ¥ 28d S8 22 F AR AT AT HolE 7 E4AT 5 9o
safe_substitute () HINE7I 6 HEE = JdFUth tlol g7 2t & 39 A2 A AHE WA 3R

i

>>> t = Template('Return the $item to S$owner.')
>>> d = dict(item='unladen swallow')

>>> t.substitute (d)

Traceback (most recent call last):

KeyError: 'owner'
>>> t.safe_substitute (d)
'Return the unladen swallow to S$owner.'

Template 4B Fe) s AHE A A o] TEAES A QT
o2 7] FLeEE BA LR, o v A DA WT
AEFES AEE 5 5y Th

L.
T
.

>>> import time, os.path
>>> photofiles = ['img_1074.jpg', 'img_1076.jpg', 'img_1077.jpg']
>>> class BatchRename (Template) :
delimiter = '%'
>>> fmt = input ('Enter rename style (%d-date %$n-segnum $f-format) : ")
Enter rename style (%d-date %n-seqnum $f-format): Ashley_%n%f

(h& sl o] A ol Al<%)
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>>> t = BatchRename (fmt)

>>> date = time.strftime (' 2d%b%sy")

>>> for i, filename in enumerate (photofiles):
base, ext = os.path.splitext (filename)
newname = t.substitute (d=date, n=i, f=ext)
print (' ——> '.format (filename, newname))

img_1074.3jpg —-—> Ashley_0.]jpg
img_1076.jpg ——> Ashley_1.jpg
img_1077.jpg ——> Ashley_2.7Jpg

WEUY EOhE 382 thE 29 YA AY Aol =29 2] Belsts AUtk o] 27
5@ XML ), Qb 8~ E B A D HTML 9] B Aol o @ A~d B8 283 5 st

11.3 njo|uig] dlo|g #lZ = vl 1] 2HY]

struct BE-2 7hd Ao] vV @3S §4 02 18h7) 9% pack () Funpack () BFE AF
FUTh oh oAl zipfile BES AS3HA) U ZIP 519 HE PHE 2 P54 S HelF U
B 5 npn hon = 2z oubol EgHdEol £ B Gt 5AHE b Utk n<n & £F 371018 A

25 At st uio 2 £A4E AL Yy

import struct

with open('myfile.zip', 'rb') as f:
data = f.read()

start = 0

for i in range(3): # show the first 3 file headers
start += 14
fields = struct.unpack ('<IIIHH', data[start:start+16])
crc32, comp_size, uncomp_size, filenamesize, extra_size = fields

start += 16

filename = data[start:start+filenamesize]

start += filenamesize

extra = data[start:start+extra_size]

print (filename, hex(crc32), comp_size, uncomp_size)

start += extra_size + comp_size # skip to the next header

gL AR FEHA P AL Relshe 1S AUk St G2 4go] Mgt Eof A
AR L FHAEA DL e S8 22 TR SHLS P o AT 5 dEUTh BB AL
Aele The sdEe A YR V0 AR sk 49 YTk

import threading, zipfile

class AsyncZip (threading.Thread) :

def _ init_ (self, infile, outfile):
threading.Thread.__init__ (self)
self.infile = infile

(h& sl o] A ol Al<%)
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self.outfile = outfile

def run(self):
f = zipfile.ZipFile(self.outfile, 'w', zipfile.ZIP_DEFLATED)
f.write(self.infile)
f.close()
print ('Finished background zip of:', self.infile)

background = AsyncZip('mydata.txt', 'myarchive.zip')
background.start ()
print ('The main program continues to run in foreground.')

background. join () # Wait for the background task to finish
print ('Main program waited until background was done.')

T/}% AYE 3R 229 M EAZL Ul B e AHY S FHote 28 E=F 24 5=
AJUtt o] & ¢35 threading R E2 &, o|HE, Z2A WS W MulZ o] E 0 E3 B 9] 573} 7| &

|84F Zﬂ%@‘% o}

5l7] o el EA 7 AT 5 s U T mebA,
A A~ = JZ/\]?_] o queue
th 2= BA D 2HE 9%

g0l E5 U

BEFNHLE
Queue AAE L3 28

11.5 27

logging REL2 &AsH 7| 5&
g olt} sys.stderr 2 R R Yt}

import logging
logging.debug ('Debugging information')
logging.info ('Informational message')

logging.warning ('Warning:config file not found', 'server.conf')
logging.error ('Error occurred')
logging.critical ('Critical error -- shutting down')

a3 o 22 A E8g YT

WARNING:root:Warning:config file server.conf not found
ERROR:root:Error occurred

CRITICAL:root:Critical error -- shutting down
Z1EHow AR DU wA A= ZAFHA 21 2HS 2F A HE BYPUTh b 8 4=
ZU}Uﬂ"‘ tlole] 19, &7 == HTTP AW & 53w A A] 2he-" o] 23F Uth 22 BEE HAA

x=

[e]
5t 4~ 95U T} DEBUG, INFO, WARNING, ERROR, 18] 11 CRITICAL.
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11.6 o3 3=

ol M- 2AbF w2 2] e (HFEE AA o ti g = Sl 34 2D 32 A A7) Ast 7hi A = A) &
TR U v 2= vhA e Fx2 7 Al A" 2] $of] s AlH Y

ol FEHE 2 S& T2 I A & AFotAuh 2= o A5l Y5 AFRE = F ol v A
AE FAs0 T 7 AU EFSHALE, G 252 FASH: AMCEE I585 740 =
e = A28 WU weakref RES AZXE WEA G0 AAE FH ST ¢ JE= =L E AT YT
AR 7F o E 2 3FA] 9.0 W weakref H| o] Lo A} A 7} 2150 2 A A F I weakref 2] A of] th 3 Z 9 o]
EAGYTh ubE <l S8ol& & o v]8o] o] =& A AfA o] =3 Yt

>>> import weakref, gc
>>> class A:
def _ init_ (self, value):
self.value = value
def _ repr__ (self):
return str (self.value)

>>> a = A(10) # create a reference
>>> d = weakref.WeakValueDictionary ()
>>> d['primary'] = a # does not create a reference
>>> d['primary'] # fetch the object if it is still alive
10
>>> del a # remove the one reference
>>> gc.collect () # run garbage collection right away
0
>>> d['primary'] # entry was automatically removed
Traceback (most recent call last):

File "<stdin>", line 1, in <module>

d['primary'] # entry was automatically removed

File "C:/python312/1lib/weakref.py", line 46, in _ getitem_
o = self.datalkey] ()
KeyError: 'primary'

g eiE gor g volE P2 L 7E FEND 5 dFUh TGRS 0B 45 45 A7
e herd 7Ro 2% S E Y5

The array module provides an array object that is like a list that stores only homogeneous data and stores it more
compactly. The following example shows an array of numbers stored as two byte unsigned binary numbers (typecode
"H") rather than the usual 16 bytes per entry for regular lists of Python int objects:

>>> from array import array

>>> a = array('H', [4000, 10, 700, 22222])
>>> sum(a)

26932

>>> af[l:3]

array ('H', [10, 700])

The collections module provides a deque object that is like a list with faster appends and pops from the left
side but slower lookups in the middle. These objects are well suited for implementing queues and breadth first tree
searches:

>>> from collections import deque

>>> d = deque(["taskl", "task2", "task3"])
>>> d.append("task4")

>>> print ("Handling", d.popleft ())
Handling taskl

11.6. okat
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unsearched = deque ([starting_node])
def breadth_first_search (unsearched) :
node = unsearched.popleft ()
for m in gen_moves (node) :
if is_goal (m) :
return m
unsearched. append (m)

HoHd el aE 78 Sol = ol el AUE Y AES 24HE PrE0] Y bisect RED L
£ =72 ATYIh

>>> import bisect

>>> scores = [ (100, 'perl'), (200, 'tcl'), (400, 'lua'), (500, 'python')]

>>> bisect.insort (scores, (300, 'ruby'))

>>> scores

[(100, 'perl'), (200, 'tcl'), (300, 'ruby'), (400, 'lua'), (500, 'python')]

heapq EES Uik P 2EE /WO 2 P& FASE B S AFTUL 4 gol I FHe Py
AR 00l FAFHULEH o] AL M Z& Q40 HEH O R AMASA T HAA E5 JES AW 5HA
dovlE 8ol 83t

>>> from heapqg import heapify, heappop, heappush

>>> data = [1, 3, 5, 7, 9, 2, 4, 6, 8, 0]

>>> heapify (data) # rearrange the list into heap order

>>> heappush (data, -5) # add a new entry

>>> [heappop (data) for i in range(3)] # fetch the three smallest entries

[751 OI 1]

11.8 Decimal Floating-Point Arithmetic

The decimal module offers a Decimal datatype for decimal floating-point arithmetic. Compared to the built-in
float implementation of binary ﬂoating point, the class is especially helpful for

e AB3 10X Ao AN TGS LW JEFRE,
o AW T A o]

YA EE A 27 RS FE S 1Y Ao,
CRESA R, EE

w
o
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v
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£ 5ol 704= 43 8 R B I
VeIl Ao E A A AL b el Kol el gt

>>> from decimal import *

>>> round (Decimal ('0.70'") * Decimal('1.05"), 2)
Decimal ('0.74")

>>> round (.70 * 1.05, 2)

0.73
Decimal Z3H: o £ 02 FAM, F A RESAE 74 555208 o Aele] FE5AE
A% 0% % 2P th Decimal & £ 0.2 8 £312 A AL o] A H5 L5 Aol AT AF5 29

¥2 Decimal L7} OIX FE gl AAsHA A2 REEALMS TS ANETHD
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>>> Decimal ('1.00") % Decimal('.10")
Decimal ('0.00")

>>> 1.00 % 0.10

0.09999999999999995

>>> sum([Decimal ('0.1')]*10) == Decimal('1.0")

True

>> 0.1 + 0.1 + 0.1 + 0.2 + 0.2 + 0.2 + 0.2 +0.2 + 0.2 + 0.2 ==1.0
False

decimal RE2 Z8 S 179 AUE=E 4&S AT

>>> getcontext () .prec = 36
>>> Decimal (1) / Decimal (7)
Decimal ('0.142857142857142857142857142857142857")

11.8. Decimal Floating-Point Arithmetic 101
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The module used to create and manage virtual environments is called venv. venv will install the Python version
from which the command was run (as reported by the ——version option). For instance, executing the command
with python3. 12 will install version 3.12.

M EAE wE Y, geke tdH e & 246, venv 2 E
= 9y a2z Aok

o

23 PEZ A= e A=

[python -m venv tutorial-env }

This will create the tutorial-env directory if it doesn’t exist, and also create directories inside it containing a
copy of the Python interpreter and various supporting files.

£ .venvlUth o] o 2L Y7t HE Ao M £AA =
A et ol B2 AT AN E T LA Tk £ X E
o

R
st 258 uhA s k.
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[tutorialfenv\Scripts\activate

Unix &+ MacOSol|A] o] 2 A A g g t:

[source tutorial-env/bin/activate

(o] 2aPEEbash AS 98] A H 222, csh T+ fish A3 AE-3)
cshE]-actlvate.flsh AAHEE AL 0]: gt
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$ source ~/envs/tutorial-env/bin/activate
(tutorial-env) $ python
Python 3.5.1 (default, May 6 2016, 10:59:36)

>>> import sys

>>> sys.path

['', '/usr/local/lib/python35.zip', ...,
'~/envs/tutorial-env/lib/python3.5/site-packages']
>>>

To deactivate a virtual environment, type:

[deactivate

into the terminal.

12.3 pip 2 3]7] %] &&)3}7)

You can install, upgrade, and remove packages using a program called pip. By default pip will install packages
from the Python Package Index. You can browse the Python Package Index by going to it in your web browser.

pip has a number of subcommands: “install”, “uninstall”, “freeze”, etc. (Consult the installing-index guide for
complete documentation for pip.)

A7) A] o] 52 A G st HA WA 7| A& AL+ AsUh:

(tutorial-env) $ python -m pip install novas
Collecting novas

Downloading novas-3.1.1.3.tar.gz (136kB)
Installing collected packages: novas

Running setup.py install for novas
Successfully installed novas-3.1.1.3

A7) A] o] F FHoll == A HAWZE 2o S WAL H7IAE LAAD += 5 Uh:

(tutorial-env) $ python -m pip install requests==2.6.0
Collecting requests==2.6.0

Using cached requests-2.6.0-py2.py3-none—any.whl
Installing collected packages: requests
Successfully installed requests-2.6.0

If you re-run this command, pip will notice that the requested version is already installed and do nothing. You can
supply a different version number to get that version, or you can run python -m pip install —--upgrade
to upgrade the package to the latest version:
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(tutorial-env) $ python -m pip install --upgrade requests
Collecting requests
Installing collected packages: requests
Found existing installation: requests 2.6.0
Uninstalling requests-2.6.0:
Successfully uninstalled requests-2.6.0
Successfully installed requests-2.7.0

J

python -m pip uninstall followed by one or more package names will remove the packages from the virtual
environment.

python -m pip show will display information about a particular package:

(tutorial-env) $ python -m pip show requests
Metadata-Version: 2.0

Name: requests

Version: 2.7.0

Summary: Python HTTP for Humans.

Home-page: http://python-requests.org
Author: Kenneth Reitz

Author-email: me@kennethreitz.com

License: Apache 2.0

Location: /Users/akuchling/envs/tutorial-env/lib/python3.4/site-packages
Requires:

python -m pip 1list will display all of the packages installed in the virtual environment:

(tutorial-env) $ python -m pip list
novas (3.1.1.3)

numpy (1.9.2)

pip (7.0.3)

requests (2.7.0)

setuptools (16.0)

python -m pip freeze will produce a similar list of the installed packages, but the output uses the format
that python -m pip install expects. A common convention is to put this list in a requirements.txt
file:

(tutorial-env) $ python -m pip freeze > requirements.txt
(tutorial-env) $ cat requirements.txt

novas==3.1.1.3

numpy==1.9.2

requirements.txt + WA A oo A

G5jo] 88 mead A¥e AFE 5 AEU gL
install ~-r 2 EE Q3 7R E HAAT 4+

(tutorial-env) $ python -m pip install -r requirements.txt
Collecting novas==3.1.1.3 (from -r requirements.txt (line 1))

Collecting numpy==1.9.2 (from -r requirements.txt (line 2))

Collecting reques (from -r requirements.txt (line 3))
Installing collected packages: novas, numpy, requests

Running setup.py install for novas
Successfully installed novas-3.1.1.3 numpy-1.9.2 requests-2.7.0

pip has many more options. Consult the installing-index guide for complete documentation for pip. When you’
ve written a package and want to make it available on the Python Package Index, consult the Python packaging user
guide.
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library-index:

You should browse through this manual, which gives complete (though terse) reference material about types,
functions, and the modules in the standard library. The standard Python distribution includes a lot of additional
code. There are modules to read Unix mailboxes, retrieve documents via HTTP, generate random numbers,
parse command-line options, compress data, and many other tasks. Skimming through the Library Reference
will give you an idea of what’s available.

installing-index = TF-& 30| % AFS A7 248 7 RES A= S 28T

H
reference-index: 3}o] & o] EW 3} o] u o] th 3k XA 3 A ™. €] 7)o R A Al A
S A2 A LT T

U
o] ZpA of] o g

71 e} s}ol W A5

https://www.python.org: The major Python web site. It contains code, documentation, and pointers to
Python-related pages around the web.

https://docs.python.org: S}o] %] A Al o] w2 A M AT 4> Q5T
https://pypi.org: o] A ojl 2] = 7}A] (Cheese Shop) 2% &3 ©! slo] A 37 A] el A= Y2k 4
= AHg A AR shol  REY AAAU ) FEE WES] A LA e AgEO] BE 4

A== of7]o] =S T2 5 Y&

https://code.activestate.com/recipes/langs/python/: s}o] A & 2] A (Python Cookbook) & W2 F &=
A, H 2 EE % 78 2THE RE YUtk 53] 5 E ¥ F 52 Python Cookbook (O
Reilly & Associates, ISBN 0-596-00797-3) o] 2}= A &2} Hof =gty th

https://pyvideo.org collects links to Python-related videos from conferences and user-group meetings.

https://scipy.org: Scientific Python ZZ 2 A E of = w2 vj & A4t 2 225 93t RESH A F =,
Fejo] Wk vAY &u, 35 22, A 24 53 22 o8 7HA 7)1 A Eol £FFH o IYFUTh

stolx I AF 2 A RuY FS, & 1§ _comp. lang.python © 74]/\]'5‘}74‘/} python-
list@python.org &] ML g|l2EZ Bl = JF5UTth F2 IFH W IdH gaEE= AloJEY oz A

! “Cheese Shop” > Monty Python ] 27| 2] U th: 22 o] X = ZHA| o] S 7hAI vk, 2 A =7} 7 olo) A, A el ok 23y

o}.
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cHAPTER 14

0 3ol QIELE 2] 62 Kom 4 3L GNUBah ALl 915 715534 451 917 9 & 919 9 0
28] A8 A AU, o] LR 2 E1e] BA-S A 25 GNU Readline 24o] 521 2] A8 5l
FAR UL o] ehol Befelol & AA A A 7L 9L, of 7ol A W BHA & bk,

Completion of variable and module names is automatically enabled at interpreter startup so that the Tab key invokes
the completion function; it looks at Python statement names, the current local variables, and the available module
names. For dotted expressions such as string.a, it will evaluate the expression up to the final '."' and then
suggest completions from the attributes of the resulting object. Note that this may execute application-defined code
if an object with a __getattr__ () method is part of the expression. The default configuration also saves your
history into a file named . python_history in your user directory. The history will be available again during the
next interactive interpreter session.

14.2 tj3}9 ez 2] o ¢t

o] 72 ol A WAL A=z H o vl FH G HAJUT T2, 2 7HA] 3G AR o] dof Q<5
yrth: o] X &= Fol| A Z”*ﬂ S 2277} At %D‘r“& S AY9UT (FA € theoll 927 EE9]
27 ¢ dsUTh. s WAUEZS Az A8 HolEE AEST F A5t iAEH =
235, x5S AAHEEADIEPHE 8T A Y UTh

H AF I A A E 3 A B Z 2= [Python Q1Hl|, § &3, AA &4 2 113 s~ E 2] He
7les ZFA U h T3 AASA ALEHupo| 2 A 2 S8 T2 2o WA £ JdFUT
H| 23 = o2 WA E i 3HE 372 bpython Y Yt
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cHAPTER 15

Floating-Point Arithmetic: Issues and Limitations

Floating-point numbers are represented in computer hardware as base 2 (binary) fractions. For example, the decimal
fraction 0. 625 has value 6/10 + 2/100 + 5/1000, and in the same way the binary fraction 0.101 has value 1/2 +
0/4 + 1/8. These two fractions have identical values, the only real difference being that the first is written in base 10

fractional notation, and the second in base 2.

2P, RE) A 255 A oA £42 BHD 4 guUth ARHoE, AnHoz
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Many users are not aware of the approximation because of the way values are displayed. Python only prints a decimal
approximation to the true decimal value of the binary approximation stored by the machine. On most machines, if
Python were to print the true decimal value of the binary approximation stored for 0.1, it would have to display:

>>> 0.1
0.1000000000000000055511151231257827021181583404541015625
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That is more digits than most people find useful, so Python keeps the number of digits manageable by displaying a
rounded value instead:

>> 1 / 10
0.1

QA)E vt A 1109 AHY B, A AFE gL MY A B8 A5 B ol 25 9L
719814 2.

THEAE M A ZA oA A5 E FHGE A8 oA
A&7 95 Y h o & S o, 0.1 I 0.10000000000000001 % 0.
1000000000000000055511151231257827021181583404541015625 = 2 5
3602879701896397 / 2 ** 55 & ZAF HUth o] AR 3o BRFE 2L ZAHS T/
o Zoll eval (repr(x)) == x EWE AWE FASHA 15 stE BAE 5 ST

AAH o2, sto| W ZEZEQL YA repr () T4E 58 2177012 524191 0.10000000000000001

= Ayt stol 3.17F, o)Al o] M (72 Al|oA) o] 7HF e Ae
3] 0.1 vEEA G T

o

93 5 9o,

Note that this is in the very nature of binary floating point: this is not a bug in Python, and it is not a bug in your
code either. You’ll see the same kind of thing in all languages that support your hardware’s floating-point arithmetic
(although some languages may not display the difference by default, or in all output modes).

For more pleasant output, you may wish to use string formatting to produce a limited number of significant digits:

>>> format (math.pi, '.12g') # give 12 significant digits
'3.14159265359"'

>>> format (math.pi, '.2f'") # give 2 digits after the point
'3.14"

>>> repr (math.pi)
'3.141592653589793"

o] Zlo], IAFE oA, AFLS NS
& ekl 95 Th

One illusion may beget another. For example, since 0.1 is not exactly 1/10, summing three values of 0.1 may not
yield exactly 0.3, either:

2ol 58

L

Ut o2

flo
A

rlr

<3 AR AN A A E

17

False

>>> 0.1 + 0.1 + 0.1 == 0.3 }

Also, since the 0.1 cannot get any closer to the exact value of 1/10 and 0.3 cannot get any closer to the exact value of
3/10, then pre-rounding with round () function cannot help:

>>> round (0.1, 1) + round(0.1, 1) + round(0.1, 1) == round(0.3, 1)
False

Though the numbers cannot be made closer to their intended exact values, the math.isclose () function can be
useful for comparing inexact values:

True

>>> math.isclose(0.1 + 0.1 + 0.1, 0.3) }

Alternatively, the round () function can be used to compare rough approximations:

True

>>> round (math.pi, ndigits=2) == round (22 / 7, ndigits=2) }

Binary floating-point arithmetic holds many surprises like this. The problem with “0.1” is explained in precise detail
below, in the “Representation Error” section. See Examples of Floating Point Problems for a pleasant summary of
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how binary floating point works and the kinds of problems commonly encountered in practice. Also see The Perils
of Floating Point for a more complete account of other common surprises.

As that says near the end, “there are no easy answers.” Still, don’t be unduly wary of floating point! The errors in
Python float operations are inherited from the floating-point hardware, and on most machines are on the order of no
more than 1 part in 2¥*53 per operation. That’s more than adequate for most tasks, but you do need to keep in mind
that it’s not decimal arithmetic and that every float operation can suffer a new rounding error.

W e A7t EA A R FA 8] HF AT e S AMS ot RS, T HF AHE Vs
22l 2 vk oA BAISHH 7]‘:H'5}1_ @-4"3 HAE AdU BE str() B2 2359, H
MY E-A] Al o] 32 ' formatstrings o A str. format () WA =2 29 X F A& E/H]L.

B2 U Yo D2 AHE Ao ] o%ﬁﬁ] Sgzrad Y ugY S8z gl Age A7
e TSt E= decimal EES AR EAL
At iz E OhE JEl= FEl5E 7V e R A S FHSHE fractions BEEO 95 A 9g Yt

(WebA] 1334 22 54 A H5p vhebd & QU o,

If you are a heavy user of floating-point operations you should take a look at the NumPy package and many other
packages for mathematical and statistical operations supplied by the SciPy project. See <https://scipy.org>.

Python provides tools that may help on those rare occasions when you really do want to know the exact value of a
float. The float.as_integer_ratio () method expresses the value of a float as a fraction:

>>> x = 3.14159
>>> x.as_integer_ratio()
(3537115888337719, 1125899906842624)

Since the ratio is exact, it can be used to losslessly recreate the original value:

>>> x == 3537115888337719 / 1125899906842624
True

The float .hex () method expresses a float in hexadecimal (base 16), again giving the exact value stored by your
computer:

>>> x.hex ()
'0x1.921£f9f01b866ep+1"

This precise hexadecimal representation can be used to reconstruct the float value exactly:

>>> x == float.fromhex('0x1.921f9f01b866ep+1")
True

i}

= [e]
PFAS

rlo

Fol gz, spoj o] thE A ofl 24 2 A=A YA oAt (F;E FHAD, 2
A Qe T2 o] (RpukLF €99 2-2) 9} B o] B & w8t
Another helpful tool is the sum () function which helps mitigate loss-of-precision during summation. It uses extended

precision for intermediate rounding steps as values are added onto a running total. That can make a difference in
overall accuracy so that the errors do not accumulate to the point where they affect the final total:

>> 0.1 + 0.1 + 0.1 + 0.2 +0.2+0.2+0.17+ 0.2+ 0.2+ 0.1 ==1.0
False

>>> sum([0.1] * 10) == 1.0

True

The math. fsum () goes further and tracks all of the “lost digits” as values are added onto a running total so that
the result has only a single rounding. This is slower than sum () but will be more accurate in uncommon cases where
large magnitude inputs mostly cancel each other out leaving a final sum near zero:

>>> arr = [-0.10430216751806065, -266310978.67179024, 143401161448607.16,
-143401161400469.7, 266262841.31058735, —-0.003244936839808227]
>>> float (sum(map (Fraction, arr))) # Exact summation with single rounding

(Th= s ol Al ol A<

113


http://www.indowsway.com/floatingpoint.htm
http://www.indowsway.com/floatingpoint.htm
https://scipy.org

Python Tutorial, ¥2] £ 3.124

8.042173697819788e-13

>>> math.fsum(arr)

8.042173697819788e-13

>>> sum(arr)

8.042178034628478e-13

>>> total = 0.0

>>> for x in arr:
total += x

>>> total

-0.0051575902860057365

(o1 sl o] Al el A A%

# Single rounding

# Multiple roundings in extended precision

# Multiple roundings in standard precision

# Straight addition has no correct digits!

15.1 3 o &7

o] Aol A= “0.1” oA Al & AFA 3]
e HolEUth oA HE &
HLF( Representatwn error) &

2 = gloks A2 ey
o] 2] o] 715116}— g 3l5} 4] 7 2=
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Why is that? 1/10 is not exactly representable as a binary fraction. Since at least 2000, almost all machines use
IEEE 754 binary floating-point arithmetic, and almost all platforms map Python floats to IEEE 754 binary64 “double
precision” values. IEEE 754 binary64 values contain 53 bits of precision, so on input the computer strives to convert
0.1 to the closest fraction it can of the form J/2**N where J is an integer containing exactly 53 bits. Rewriting

[1 /10 ~= J / (2+*N)
=

=

[J ~= 2**N / 10

and recalling that J has exactly 53 bits (is >= 2**52 but < 2**53), the best value for N is 56:

True

>>> 2%*%52 <= 2%*5¢6 // 10

<

2%%53

J

That is, 56 is the only value for N that leaves J with exactly 53 bits. The best possible value for J is then that quotient

rounded:

>>> g, r = divmod(2**56,

>>> r
6

10)

Since the remainder is more than half of 10, the best approximation is obtained by rounding up:

>>> g+l
7205759403792794

Therefore the best possible approximation to 1/10 in IEEE 754 double precision is:

[7205759403792794 / 2 ** 56

EAG HRE T2 Jrd the3} o) kRE UL

[3602879701896397 J/ 2 =% 55

)
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So the computer never “sees” 1/10: what it sees is the exact fraction given above, the best IEEE 754 double approx-
imation it can get:

>>> 0.1 * 2 ** 55
3602879701896397.0

If we multiply that fraction by 10%*55, we can see the value out to 55 decimal digits:

>>> 3602879701896397 * 10 ** 55 // 2 ** 55
1000000000000000055511151231257827021181583404541015625

meaning that the exact number stored in the computer is equal to the decimal value
0.1000000000000000055511151231257827021181583404541015625.  Instead of displaying the full deci-
mal value, many languages (including older versions of Python), round the result to 17 significant digits:

>>> format (0.1, '.17f")
'0.10000000000000001"

The fractions and decimal modules make these calculations easy:

>>> from decimal import Decimal
>>> from fractions import Fraction

>>> Fraction.from_ float (0.1)
Fraction (3602879701896397, 36028797018963968)

>>> (0.1) .as_integer_ratio()
(3602879701896397, 36028797018963968)

>>> Decimal.from_float (0.1)
Decimal ('0.1000000000000000055511151231257827021181583404541015625")

>>> format (Decimal.from_float (0.1), '.17")
'0.10000000000000001"

15.1.
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cHAPTER 16

-z
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16.1 U5}y n=
16.1.1 o] X g

When an error occurs, the interpreter prints an error message and a stack trace. In interactive mode, it then returns
to the primary prompt; when input came from a file, it exits with a nonzero exit status after printing the stack trace.
(Exceptions handled by an except clause in a try statement are not errors in this context.) Some errors are
unconditionally fatal and cause an exit with a nonzero exit status; this applies to internal inconsistencies and some
cases of running out of memory. All error messages are written to the standard error stream; normal output from
executed commands is written to standard output.

VNNEEEHX ZETE AEHE EX (LUA O Z Control-C EE= Delete)E YHsIH 43S
Haspn R ZEEE 2 BolUTh! Welsl A4 B9 ANAEE A oH oy £ o)
] 8l9 4 9= KeyboardInterrupt o 7} WA g o}

16.1.2 43 75 shol 2age

BSD 28198 59 ALHoA sold 23 et A 23 48 Ade 4 A BE 5+ A%
Utk =3 22 &
[#l/usr/bin/env python3 }
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import os
filename = os.environ.get ('PYTHONSTARTUP'")
if filename and os.path.isfile(filename) :
with open(filename) as fobj:
startup_file = fobj.read()
exec (startup_file)

16.1.4 7| 2Ejulo]Ao]d =&

Python provides two hooks to let you customize it: sitecustomize and usercustomize. To see how it works, you need
first to find the location of your user site-packages directory. Start Python and run this code:

>>> import site
>>> site.getusersitepackages ()
'/home/user/.local/lib/python3.x/site-packages’

olAl Z tJHAE gl o]l usercustomize.py Bt 0|59 FdS UHET Y= AES LS+ A5 YT
A5 QEEE MBS E s §HO 2 ALoA G o, o B L RE sold ARel FFS BT}

sitecustomize works in the same way, but is typically created by an administrator of the computer in the global site-
packages directory, and is imported before usercustomize. See the documentation of the site module for more
details.
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>>>
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Sol et v 22 A5 54Ut A8 X (collections.abe BEEA), A
(numbers BEEA]), 2ET (1o EEA), YT E 3} £ (importlib.abc EE o A)).
abc BES AMESA] A2 THY] ABCE THE 5 Y tth

annotation (o] =] 0] 4)

ol whe ¥ GE 2 ASHE WS, Foa o EYHE B P45 vl aS ket g 429
ol &gt

Aol 9o ofierlo] e A A7kl AN AT 4 AT A W, Féhs £4 9D P ofx
HolAd2 27 &, 32, 42 __annotations__ EF o]EZ|RHE AF ZLQ 14 t}.

See variable annotation, function annotation, PEP 484 and PEP 526, which describe this functionality. Also
see annotations-howto for best practices on working with annotations.

-
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7191 = QA A} (keyword argument): T T= o] A tt‘?<]-7]— Qroll L& 912} (o] & £ 0], name=) =
7

g e 2 ﬂﬁtﬂﬂiﬂﬂlﬂ“ A} 01] o], o= E‘écompleX() TEolA 33
5 EF7IHE dAd YL

complex (real=3, imag=5)
complex (**{'real': 3, 'imag': 5})

o 2 X] AR} (positional argument): 7]
UL A olE 2 & 9 el x &
35 e wT R AR,

‘complex(3, 5) J

_8{ jlgl
rO
2
N
N
o
-9
rc
O,
2
do
R
O,
B
il
rlo
ro,
2
B[
I
fo
2
o
=2

complex (* (3, 5))

A2z T vbe 9] o] F 22 Ao "o thdg Ut o] thgoll A-85 = 2 S0l s A
AL EHAL ERAOR ojH % ES )

SE=RR A= )

|l vi 7 5 FAQ AF AR} v 7 W =o] Ao] 9F PEP 3625 H A 2.

asynchronous context manager ()% 7] ¥ A E #a] 2}
An object which controls the environment seen in an async with statement by defining __aenter__ ()
and __aexit__ () methods. Introduced by PEP 492.

asynchronous generator (8] 7] A4 ?,1] o] E])

Hl 5 7] Al & ol o] & o]E] & F+E T4 async def 2 FoH = IFEH T H Ho
=, async for FZ7} /\P%ﬂ" P A FES UIE L yield BHAAL 23T} Hol
o5y th

HEuls7] Aldd el &5 7 7| A R ol " Bl o A= v 5 7] Al el elH olE#olH &
ZHI AU o= ok= o n| 7 g &elA] 2 B, dAT Gl E MM RS gl Uth
vl 5 7] Ay oY gk await H A} async for 3} async with 28 X338 5 9%
Yt

asynchronous generator iterator (B]-% 7] A4 & o] €] o] e & o] E])
v 7] Ay d o] E] 471 st = A A,

u—7

This is an asynchronous iterator which when called using the __anext__ () method returns an awaitable
object which will execute the body of the asynchronous generator function until the next yield expression.

Each yield temporarily suspends processing, remembering the location execution state (including local vari-
ables and pending try-statements). When the asynchronous generator iterator effectively resumes with another
awaitable returned by __anext___ (), it picks up where it left off. See PEP 492 and PEP 525.

asynchronous iterable (V] 5 7] o]g]g] &)
An object, that can be used in an async for statement. Must return an asynchronous iterator from its

__aiter__ () method. Introduced by PEP 492.
asynchronous iterator (B]-£ 7] o] €] & o] €])
An object that implements the __aiter_ () and __anext__ () methods. __anext__ () must re-
turn an awaitable object. async for resolves the awaitables returned by an asynchronous iterator’s
__anext__ () method until it raises a StopAsyncIteration exception. Introduced by PEP 492.
attribute (o] E 2] H =

A value associated with an object which is usually referenced by name using dotted expressions. For example,
if an object o has an attribute a it would be referenced as o.a.

It is possible to give an object an attribute whose name is not an identifier as defined by identifiers, for example
using setattr (), if the object allows it. Such an attribute will not be accessible using a dotted expression,
and would instead need to be retrieved with getattr ().

awaitable (o] §J] o] €] &)
An object that can be used in an await expression. Can be a coroutine or an object with an __await__ ()
method. See also PEP 492.
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BDFL
2] 2 -8 F A1 5 2] 2} (Benevolent Dictator For Life), < Guido van Rossum, 3}o] A o] A 2},
binary file (W}o] 2] 3}4)
A file object able to read and write bytes-like objects. Examples of binary files are files opened in binary

mode ("rb', 'wb' or 'rb+"'), sys.stdin.buffer, sys.stdout.buffer, and instances of io.
BytesIOand gzip.GzipFile.

str ARE 912 45 gt o AR AL B A 5 =

wy

Z3hA 8.

borrowed reference
In Python’s C API, a borrowed reference is a reference to an object, where the code using the object does not
own the reference. It becomes a dangling pointer if the object is destroyed. For example, a garbage collection
can remove the last strong reference to the object and so destroy it.

Calling Py_INCREF () on the borrowed reference is recommended to convert it to a strong reference in-
place, except when the object cannot be destroyed before the last usage of the borrowed reference. The
Py_NewRef () function can be used to create a new strong reference.

bytes-like object (v} o] E G F A A))
bufferobjects & X]ﬂ??‘P_LC AL WMHAE JA2ZE S ISt o8 F memoryVleW AA =
E 20|31l bytes, bytearray, array.array AAES 23t H}O] dF AA =2 vl
0] 2= A2 A

2 ol B2 Tt o g 7hA] AaEe] A8E 5 AEUTH 43, vel v A= 43,

T AEZL2ASo) AU

H AWE-L vpol i el HolEl A Y B AGUT olF o) AHAL FF el
» 7] vlolEdE AA”y AT ) }‘?‘i bﬂfﬂ MA| o] o] 2= bytearray & bytearray 9
nenoryview 7t G YT, THE A% e wholue) Holel kSl A (417 A8 vhol =t
AR o AFEHE=E QUL o]H AE9 o2& bytes bytes A A 2] memoryview 7}
AEIES

bytecode (H} o] E F &)
ol N A FEFulo|E IR 5t E =, CPython QB Z 2] E]o]| 4] ool Z 2 T4 o] W 7
EAULh dlo]E TTE pyc Aol A A o], 22 51AS % wA) A e ) o wepa A s
e}zl A B0l S I=20) A A S 1T, o] “F 2 Aol £ 2} vhol = mEol
Sk IS AAsE 1 7170 o4 ABHED YTh ol TEL AZ the shol
7HE 71 A A ZHed A E 7 sHA &, Tho] A B3 Zhof] HA Aol A = E‘r\_ Aol 23] oF
ot

HlolE I & HEo] 5o B22 dis BE A YA L& th

=

tlo % rlo

callable
A callable is an object that can be called, possibly with a set of arguments (see argument), with the following
syntax:
[callable (argumentl, argument2, argumentN) ]

A function, and by extension a method, is a callable. An instance of a class that implementsthe __call__ ()
method is also a callable.

callback (Z4¥)
A7tz AL & vlee) ol AHel A 4D A FH P4,

class (22 2)
&R R AR S
cHAE Y=
class variable (22| A ¥H$)
2ol BYFH I FHHE T (F, FHLY A2 2o A7} of e} o A v A= = WS,
complex number (& 4 4%)
o153t A4 A 2Hle] G, BE £A7} A5 B
0] H4 99 (19 AFD) & FE A, 55 5340
SholH e Fafe] E7 WG AL Borg 7R A A

b o
o ¢
5

AW

o
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o], 3+1j. math R 59 B4 5 HHo] BQ 5, cmathd AHEFUTH B4 E82
2 784 7 gtk d8stthal =71 A Zetthd, A Q] F4 5] FAIBE 54T
context manager (€ A E 3]z}

An object which controls the environment seen in a with statement by defining _ _enter_ () and
__exit__ () methods. See PEP 343.

context variable (A El A E HS)

Ae Aol mhef hE ke 7hd 4 9 W4 ol 24 AR a7k vl sl ohE ghe Al 4
Do et 8 A5 oL b A AT BE B0, olikel A8 2] ol
GALEglg S olon AUAE Mao] 3 guE $A4 HIET HAAA WS FASE

Ayt contextvars 2 AR A L.

contiguous (A<
H 3 &= A &3] C-A S5 (C-contiguous) ©) Ay EE 2 A< (Fortran contlguous )4 W] AL ozt JAFY
o 33 W H = C A% o MA EET ALY UTH AR wj Dol A, FBES A= ol S A3, 0
oAl A Al &8k @ E Ak 01“*‘/\-4 A E w22 v X5 of oF It thxkd C-A<5 i Dol A,
Azel a9 AU FEES PRS0 0D AY )b we g S Y, X2
S ol A, 3 WA A8} e g o,

coroutine (T &)
2 queee) o duse Fe Utk Are e A AFAA A ek w o
%EMD}. FAFEL2 o thE A Aol A J Y8t % &L, AN 5 s YT ol A=
def 2o g 8T 4 95U th PEP 4925 H A Q.

coroutine function (7€ g4)
FEZE AR E ESF =T ZFYU G4 E=asyne def B0 2 AHo)E 4 911, await 2 async
for®tasync with 7|18 24T+ AFUTH o] 252 PEP 492 of 23] == A5 Utk
CPython

stolH 2w Adojo] FHAA LU, python orgo| Al Wl ZF Ut} o] 7
IronPython ¥} Z-& th-& A= 34 %Lté?‘;} 227} & uff & o] “CPython” o] AL&E Y

decorator (t]) 8] o] E])
g2 s EgFE g4, BE urapper B HS AFR S S AZto g Ao H ULt g 23
o] EH EG& of = classmethod () & staticmethod () YU Th

ol 2L BA Ao BPY BYUh oS F 4 AL v o 5Pk

&S Jython o]}
=

<

s N

def f (arqg):

staticmethod (£f)

£

@staticmethod
def f (arqg):

L

2o o) Seol s EASAT, @ AF AUk Hlmd olgol] Bt o AAI FES T4
FEDES P BIOIEE PR RIS

descriptor (t] 232 HE])
Any object which defines the methods __get__ (), __set__(),or __delete__ (). When a class at-
tribute is a descriptor, its special binding behavior is triggered upon attribute lookup. Normally, using a.b to
get, set or delete an attribute looks up the object named b in the class dictionary for a, but if b is a descriptor,
the respective descriptor method gets called. Understanding descriptors is a key to a deep understanding of
Python because they are the basis for many features including functions, methods, properties, class methods,
static methods, and reference to super classes.

H2age e qA=Eo o g 24| 8 U §-2 descriptors U T2 T HE] ARSEH bl Aol U3 Y T

dictionary (9 A 2])
An associative array, where arbitrary keys are mapped to values. The keys can be any object with
__hash__ () and __eq__ () methods. Called a hash in Perl.
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dictionary comprehension (€] 4] 2] #H = 2] 3l A)
o H e Gt 84 AL} ARE Aelsn AFE e YA LS NBFHE 1A
results = {n: n ** 2 for n in range(10)}<2 Fkn ** =
Ay gl E AU o) comprehensions & 2 3 Al 2.

dictionary view (5 A 2] H)
dict.keys (),dict.values(),dict.items () HAEZ} E8F= AAES I Hetn
EEUTH o AEL 9V FHE e 54 HE ATt 94Ut A48 W, 57}
o] M3l W Brh YU GAUY HE AT 2 2ER wRYE List (dictview) B
AFR-3FH FH U ). dict-views S H A 8.

docstring (5 A E )
A string literal which appears as the first expression in a class, function or module. While ignored when the
suite is executed, it is recognized by the compiler and put into the __doc___ attribute of the enclosing class,

function or module. Since it is available via introspection, it is the canonical place for documentation of the
object.

duck-typing (< €}¢]3)

SulE AEF o)A S R EA sl AR P& BA G z2 Y 2EY; A, T
HAEY O ERHET SEHAY AL UTH LAY Holw 22 H AAuirid, 142
2Pk EAF F tjalol] B o] AE FEFo e, F AAY TEE Y H A (2L F e
2R #A4E M 5 AdsUth 9 BolF-& type () °|} isinstance () & AHES AAE
93T} (3hA1 8 Bol o] 24k v|o] A Zel s 2 BeE 5 9l g ol 498 of gtk thAle],

hasattr () AAFPVEAFP T2 18-S &t}

EAFP
s H}= §4 5 F317] 71 4 v} (Easier to ask for forgiveness than permission). ©] Z3] &
vtolx I AEE L, SHFE 7|V o] EGRES EAE 7ML, 2 7HF o] EW o9
Ut o] 2835t w2 AEd L B2 try@lexcept B EAZ EA AR UL} o] HIZ
oF 22 o2 W2 Aol M A5 A= = LBYL 2~ 8p 3t o vl g Y o

expression (.3 2))

i o>
flo T 30
A

1

ojE Fto 7 A = FHAEAN 27 g2 U 135, 242 ZHE, o], o EEHE
BH A, A4 ST T2 S SHFE R 245 Fol2d AY Y o2 B2 Ao}
zrAozg BRE Ao FAES A A AL ofdyth whileXq, EHA 02 AT 4+ Q=
T sl dHsuth o =3 FAFo)ar, xd A o] ol d Yy

extension module (&% 2 &)

f-string (f-2=2}49)
EU R B ] B BAE EHYES T3] -G o Bt Fatd, 29 £A Y 2 EH Y
o] 292 YUth PEP 498 2 B A 2.

file object (3} 21 A])
An object exposing a file-oriented API (with methods such as read () or write ()) to an underlying re-
source. Depending on the way it was created, a file object can mediate access to a real on-disk file or to
another type of storage or communication device (for example standard input/output, in-memory buffers,
sockets, pipes, etc.). File objects are also called file-like objects or streams.

AA 2= Al 772 3 AA S0l Ut & (raw) HFo] A 2] 3}, ¥ 3] = (buffered) vl-o] U 2] 9t<,
BiE 519 o] 29 Aol Ak o REANA AP 3 AAE e FE A YL
open () ¥FE 2= AYUrh

file-like object (3} Y7 2 A))
okl 24 9 wl%e .

filesystem encoding and error handler

Encoding and error handler used by Python to decode bytes from the operating system and encode Unicode to
the operating system.

The filesystem encoding must guarantee to successfully decode all bytes below 128. If the file system encoding
fails to provide this guarantee, API functions can raise UnicodeError.
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The sys.getfilesystemencoding () and sys.getfilesystemencodeerrors () functions
can be used to get the filesystem encoding and error handler.

The filesystem encoding and error handler are configured at Python startup by the PyConfig_Read () func-
tion: see filesystem_encodingand filesystem_errors members of PyConfig.

See also the locale encoding.

finder (3}21t))

AZEY BEL 3 =0 2 Fo 1 AL A%

=

There are two types of finder: meta path finders for use with sys.meta_path, and path entry finders for
use with sys .path_hooks.

See importsystem and import1ib for much more detail.

floor division (A< U=Al)
7V 7V A2 W E s &

#8HA UeAl. A4 vl A4k // o g Eo), B84 11 //
4 7re 27 2]l A4 =Moo
o 2 27k A AR, A e

755 EHE Utk (-11) // 47}-2.758 W& 3 -39]

Hel ‘IT-’] af oF g th. PEP 23 AL
function (g+4)
SEANA o e EEFE Y 8=, gAY I oY A7 AL 4 =, ¥y 9
Aol AHg-E 5 s th w7l WS & vl A = 9} function A A= B A S
function annotation (T4~ o] - ¥ o] A)
S ul) A 4= HESE ZEo] o] LnE o] Al
P4 olBolde dAew @ A 2 APtk g Bol, o Bt F A inc AAE
ol 5 Zlo 2 7|95z, Ao int ¥H8 S & Z1o2 gyt
def sum_two_numbers(a: int, b: int) -> int:

return a + b

g4 o] - H| o] A B2 function Z oA A gk

See variable annotation and PEP 484, which describe this functionality. Also see annotations-howto for best
practices on working with annotations.

future
A future statement, from __ future__  import <feature>, directs the compiler to compile the
current module using syntax or semantics that will become standard in a future release of Python. The
___future__ module documents the possible values of feature. By importing this module and evaluating its
variables, you can see when a new feature was first added to the language and when it will (or did) become the

default:
>>> import __ future_
>>> _ future__ .division

_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collection (7}8] 2] 4~ A)
O MG A o W B el 2w et AR shol e FE A5 F AN FE £ PAFLZE S
A= =& 7A FAZE T 7H A S AE SR FUTE 7HEIA A= ge RES AHEEA]

A+ dsUch
generator (%] ] & o] E])

Avleele olg e olE & seFe T Ak A < wEE
FAA S 2FTHE Ho| thFUTh o] FEL for-F 2 2 AME3A U next () 42 g Hof| 31t

8 AY 5 Y

s A el g 7He] 7] AR ol E oA = Al g
Sk o u) 7k g &hetA] ¢k B, &%

generator iterator (2] U] & o] €] o] €] & o]€])
Ad el ol e 7t t=E A,
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Zhyielde AIA L& Ae|E F&etaL, 2 A (A HesR 7] S uy-FE5& TT5He)
AW A E 71 FUch AYdeld ojHe oy 7 AN, Bt o E B FUTH(ZE vt
A= A2k ek thu) g U Th.

generator expression (xi] Hdole] £84)
olHH OHE EHF+= RHA. FZ AT HAE BY s for A B 7hs st if o] o
=T °“:‘P4fﬂ*‘ AE Bk 2 #3842 ST E A HES oWt
>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81

285

generic function (A 8 <)
2 AN AR g2 FEd s 7+ oA T2 FAE
EV\JHX] gzl s 478 F Uk
AlZ o)~ %] £o]F] &3} functools.singledispatch () HZ & o] E]} PEP 443% X A Q.

generic type (A1 )
A type that can be parameterized; typically a container class such as 1ist or dict. Used for rype hints and
annotations.

b

5. 5E W o H THo] AR L

For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the t yping module.

GIL
Ao B zeH & & HAL

global interpreter lock (A9 Q1] Z 2] &)
% ol 2.4 Shujsl 2A| = sl vlol = 7= § AYSES WA A5 CPyon A =2
B 7k A8 S B AV S (dict st 2 FR 8 & st AH o] HAH L2 5
o 4] 0] £} 93 % §HE-0] A CPython 73 A B o Qe Z e e AA g s
AL JHZEE & thFad =3er] A vt g4, ths iEHW 71 A7} St HE A Y
O i R g A=
However, some extension modules, either standard or third-party, are designed so as to release the GIL when

doing computationally intensive tasks such as compression or hashing. Also, the GIL is always released when
doing I/0O.

(@A ¢ v A -5}71] F4 d ol HE F1E) “Ad & o A 2 -& (free-threaded)” QB Z 2] ] S W+ 11 A}
st A =g AFHolA] X, Tt 22 AMA ALY 45 A7t AE ] i
Yt o] 4% ] €35‘3}% AL 7S W B35 whEoi A 7 A H]'Q“O]‘:ﬂ sz esw
o] AL ;l [BR=

hash-based pyc (3} X] 7] 4} pyc)
‘rrE/H S IH37] fel S A 5o HF A Al o] obd S Al E AFSEHE HEo | E I E A
. pyc-invalidation 2 %% 3}A] 2.

hashable (8]] Al 7Hs)
An object is hashable if it has a hash value which never changes during its lifetime (it needsa __hash__ ()
method), and can be compared to other objects (it needs an __eq__ () method). Hashable objects which
compare equal must have the same hash value.

AN b5 AR G A A ge) MR A8 Y 5 A e, o] AR TR E
iAoz sfA gk AFE st ol = Yo
52 stej o] X WZ AAE2 Al 7Hs FuHh (Rl2Eu gAY e Z22) 7 AH ol s2
a8 dFUth (FEotfrozenset 2-2) B¥ AH oJUEL 259 8450 A 75 & wf vt
A b g e gt A8l Felne] Aol AAEE ARA 02 HA STt (4]
AN g Algetils) BF 2l v aE AL, A g2 id () 2 R BEol Yt

IDLE
An Integrated Development and Learning Environment for Python. idle is a basic editor and interpreter envi-
ronment which ships with the standard distribution of Python.

£

immutable (£%)
DAY S e AR, B AN 54, B, FES 2R o d ANSLS WAY 5 ¢

125


https://peps.python.org/pep-0443/
https://peps.python.org/pep-0483/
https://peps.python.org/pep-0484/
https://peps.python.org/pep-0585/

Python Tutorial, ¥2] £ 3.124

Sojof gt Walx] o s Al gko] glof of sl ol A
%ﬂﬂ”d%%iéﬁi:o = g
-P

importing (%L,ﬁ_%)

St REY ol ZETLThE REY Fo|x FTEA AHEE § Y EF 5= F Ak
importer (% ZE])

BES 2% S 25 S7)% s AR EA 5ol d ol 2o AR QU h

interactive (t} 3} 3)
sl e HoY A= e g 20 g, dH=E 2gxeeld 24t ndAE 998 4
9130, 57t A3 H A3E 2 5 Slehe E Tk A7 9o B python€ A eAl 2 (AHE )
FulFolA AEste A 7Fed 4 U Th. Al ofelt ol & 7‘%/\}5}74‘%_‘1%?%311717‘]% =9
ThE = o & 728k Wy QU T (help (x) & 7] A8HA ).
o

a

o

interpreted (QJE] Z 2] €] &)

Hhol £ 1= Aot e o] £ mfEol 1 ol SR 7] AT, shol A A5 Aoz} ohy]
o ez ele] ol uith ol AL WA How A% A S BEA FuE, 22342 AP AW
%otk Syt a2 g E 2% A5

AojEoh g AU F71E Zsyth tfs
interpreter shutdown (21| Z2|E] £ 7)

FTESHE 23S W, Fol dH =z HE

i =

)
L
flo

2

i

1 rx
oft .
ﬂ
X
o

il

m
BT
N

)
¥
S 1
3
o
X
ol 4
Ir
Y
e
f
o

Ir

A= ﬂEi B FH YA AAH=__main_ BEOIUATHEZIAYP S E+= AUt

iterable (o] €] 2] &)
An object capable of returning its members one at a time. Examples of iterables include all sequence types (such
as 1ist, str, and tuple) and some non-sequence types like dict, file objects, and objects of any classes
you define with an __iter__ () method or witha __getitem__ () method that implements sequence
semantics.

Iterables can be used in a for loop and in many other places where a sequence is needed (zip (), map (),
--+). When an iterable object is passed as an argument to the built-in function iter (), it returns an iterator
for the object. This iterator is good for one pass over the set of values. When using iterables, it is usually not
necessary tocall iter () or deal with iterator objects yourself. The for statement does that automatically for
you, creating a temporary unnamed variable to hold the iterator for the duration of the loop. See also iterator,
sequence, and generator.

iterator (o] €] & o] ¥])

An object representing a stream of data. Repeated calls to the iterator’s ___next___ () method (or passing
it to the built-in function next () ) return successive items in the stream. When no more data are available
a StopIteration exception is raised instead. At this point, the iterator object is exhausted and any fur-
ther calls to its __next__ () method just raise StopIteration again. Iterators are required to have an
__iter__ () method that returns the iterator object itself so every iterator is also iterable and may be used
in most places where other iterables are accepted. One notable exception is code which attempts multiple
iteration passes. A container object (such as a 1ist) produces a fresh new iterator each time you pass it to the
iter () function or use it in a for loop. Attempting this with an iterator will just return the same exhausted
iterator object used in the previous iteration pass, making it appear like an empty container.

typeiter o] T Z}A 3 W& 0] 9l Th

CPython =& 4} A]: CPython does not consistently apply the requirement that an iterator define
__iter__ ().
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key function (7] )
7] @ B+ Fd o] (collation) T+ F 4 (sortmg) o] 1} vl & (ordering) o] AHE-H & Fh= &
FHEYYLE 9 & £9], locale.strxfrm() < Z2AI EZ YA S mzE= FE 7| & =

Ae8 Y.

ol MY W2 =7t QAT 0] o @A A AoJA AL Fol=A & Alolstr] f& 7] & ot
EYJUth ol#d A& +=min(), max (), sorted (), list.sort (), heapg.merge (), heapq.
nsmallest (), heapg.nlargest (), itertools.groupby () ©] U5 Yth

rr N
& rr

There are several ways to create a key function. For example. the str.lower () method can serve as a key
function for case insensitive sorts. Alternatively, a key function can be built from a 1 ambda expression such as
lambda r: (r[0], r[2]). Also, operator.attrgetter (), operator.itemgetter (),
and operator.methodcaller () are three key function constructors. See the Sorting HOW TO for
examples of how to create and use key functions.

keyword argument (7] $] & 21 z})
12 & HA L.

lambda (&t}
529 0 gro] FAAL e HA4 0 PAE ol F Y Ak B4 BT FLE BEL
EHL lambda [parameters]: expression Yt}

LBYL
5 7] Aol B 2} (Look before you leap). ©] T ~ElI 2 T E oY 23| & 517] Aoj YA FH oz ALA
ZAES AAUTE o] 28 Y2 EAFP @%%‘#W“]QL, g2 if 7o EME EZA P YT
s 2= 27 °1V%LBYL A2 “HI77 <R 77 kol A 20 WA 2 AF %1%14
th o & 9], FE if key in mapping: return mappinglkey] & ZAA} o, 3}X 2 23]
Ao, o2 28 =7 keyE mappmgq]/ﬂ A ASH Ao 5 5yt ol# o5+ F o]} EAFP
NS ST A2 4+ AL

list (F]2E

A built-in Python sequence. Despite its name it is more akin to an array in other languages than to a linked list
since access to elements is O(1).

list comprehension (2] A E A 2|3 A)
AALY L A5 AR EL ARE An 1 ATNE JAER FeiF RS
["{:#04x}"'.format for x in range (256) if x % 2 == 0] &

=

2
Nm
UlH
S
-
o
=
30

(x)
CR2E0] 1605 (0c) £ TR AU o228 BEUL i1 2
7§ 2kl H, range (256) ol = EE 847 A Ut

loader (2¢])
BES 223+ AA|. load_module () O]+ ]%—9/] HAEE Aodor Ut 2= BHE 3}
ol 7k =¥ E Ut AASEF H L2 PEP 302 &, A vo] A~ Z8 2 & importlib.abe.Loader
£ HA L.

locale encoding
On Unix, it is the encoding of the LC_CTYPE locale. It can be set with Locale.setlocale (locale.
LC_CTYPE, new_1locale).

On Windows, it is the ANSI code page (ex: "cpl252™").
On Android and VxWorks, Python uses "ut £-8" as the locale encoding.
locale.getencoding () can be used to get the locale encoding.
See also the filesystem encoding and error handler.
magic method (v} 2 v A =)
S5 u A= o WA Al W5 e T

mapping (7} 3)
A container object that supports arbitrary key lookups and implements the methods specified
in the collections.abc.Mapping or collections.abc.MutableMapping abstract base
classes. Examples include dict, collections.defaultdict,collections.OrderedDict and
collections.Counter.
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meta path finder (W€} 7 & 3} 2l ¢])
sys.meta_path o] o] £ . vt F & 3= 2 dEe] 9l of A F o
9171 s B kg Tk

H el A2 3t 7 A= A =S el A= importlib.abc.MetaPathFinder & X W
Hyth

metaclass (W€} S 2)
Fag S FHA Y= FH s o5, SR gAY, HloA F
H e Ze e o] M AAE Hopx FeAaE HE= AYLS JYth thF
W AAEL2 7 E FA S AFFULE ol HS SHIMA HEE AL ALY W
JuUch tiFEE AR AN A= ol &7 A 28 AT 287 A2 of, wEk
3 BA| 2~ 2] 2 7] (logging), 28 = A X

¢

mdmb
[k ]F;I“H
. A

v

o
fjy
L4
[>
it
o
[
fr 4y &

oy

9]

o
v
S

o
b
ftlo
4
30,
oy
°
kS

metaclasses | A & XA 3 V)&

method (W] 4] &)
Zej ot ol A Ao g 1 2ol 9
A WHA AR} (RF self
BA L.

method resolution order (W] A & Z2 A £ 4])
Method Resolution Order is the order in which base classes are searched for a member during lookup. See
python_2.3_mro for details of the algorithm used by the Python interpreter since the 2.3 release.

module (&)

stold =] 225} 9 & F@ote AA. RELS d99 Fdold AN EE FE oI5 LS
ZAFUT BE2 g Aol g3 sfojdoz mEgUh
H71 A = BA L.

module spec (25 2 d))
BEES R AEH = dxE S
ModuleSpec o] AIAE A,
MRO
HAE 24 A4 5 RA L.
mutable (7}H)
7hH AR = grol W = QA Tid() v €A AU B T HA L.
named tuple (V] J & 5Z)

“named tuple(V] 4 &= FZ)” o] 2h=
g g g e 240 A2 T

AV

BAEE

=)

rr

%l

o

o] & &7t importlib.machinery.

time.localtime () ¥ os.stat () 7} QE&S & 2331, o W F P ol I = FZYUth
T o}2 o= sys. float_infoYurth:

>>> sys.float_info[1l] # indexed access
1024

>>> sys.float_info.max_exp # named field access
1024

>>> isinstance(sys.float_info, tuple) # kind of tuple

True

Some named tuples are built-in types (such as the above examples). Alternatively, a named tuple can be
created from a regular class definition that inherits from t uple and that defines named fields. Such a class can
be written by hand, or it can be created by inheriting t yping.NamedTuple, or with the factory function
collections.namedtuple (). The latter techniques also add some extra methods that may not be found
in hand-written or built-in named tuples.

namespace (¢] S Z7bH
HE7 ARE = Fa o5 32 gAY 2 AP Uth AAlod S 3 E ol 37 (FIA = ol A])
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namespace package (°] & 3 7} 2| 7] #])

LA A sf7] A &2 AH ol 2 ¥ 7|58k PEP 420 3 7] #]. o] 5 & 71 A& =2

%i% FE 903,538 __init_ .py dtdo] lemE A4t 374 2k= vhE T
A=

EE HASL
nested scope (ZHH A7 2)
EHR Ao HEE Fxe= Y. dE S0, v T U RAA FYH =
Y= HFES AR L YSULY P a2FzE=7EF o2 = I /s &)
A=t Ao FYsfof Futh A H M2 7HE "H-‘uj*J AT oA ¢l AL “‘4‘“/}
A HEEL A o] 2 7oA 97 2 YTl nonlocal & H]"é'/\:’—“’ﬂ =A<

new-style class (- A€}l A

kot A, A, W olF T3] dsUTh olF & o5 FES YA REALS
24U oA & S0, T bulltlns open¥os.open () = 159 o5 &7l g +EF Y
th E3 o] 5 F 2 oW BEo]l & T =AE BB A wEolA FEAA T F A Had el
E2SFUH A& E99, random.seed() = itertools.islice() Bt 2 11 T4 E o
Z+Z random I} itertools BE o8 + &= o] HEs U

Old name for the flavor of classes now used for all class objects. In earlier Python versions, only
new-style classes could use Python’s newer, versatile features like __slots__, descriptors, properties,

__getattribute__ (), class methods, and static methods.

object (7} A])
FH CIEREU ) € 2L FF (MAE) o] Aojd BRE HlolH. =3, ZE 7
Eal

o HFAA o] S8 =
package (3] 7] %))

o
L

e

y

g

A Python module which can contain submodules or recursively, subpackages. Technically, a package is a

Python module witha __path___ attribute.
At 7)1 A] 2} o] 5 79| 7] A = HA L.

parameter (7} 7} ¥ 4=
6Lf~ (== Uﬂ}ﬂ‘:) x],]oﬂ}ﬂ 614:7} Q}é%:?
22 ‘?l]E]E] A FF7 AR S5
o ) X-71 9 = (positional-or-keyword): ] 2] Q1A v 7|9 = 22 & A
Ytk o] Aol 71& FEjS mi/f A g U A&

[def func (foo, bar=None) :

o 9 X]-A & (positional-only): Y} X Z 9 A2 4 3
0% Aolo] S B2o] / BAS E ot
ol| A posonlyl =} posonly2:

[def func (posonlyl, posonly2, /, positional_or_keyword) :

* N1 E-H& (keyword-only): 71 =2 Al 52 5 9= AAE AA I 7| E=-H-& v 7A
G s 4 98] S ARG 2 A shol S1el 78917 sl AR+ 8 o) T A
A sk 5 QlH5Urth ol & Eo, th2 ol A kw_onlyl 2} kw_only2:

[def func (arg, *, kw_onlyl, kw_only2):

)

o 7}H-9 X (var-positional): (TFE vl 7] H4S ol o S A
ASE = A= AA QA= A A FAE A Fch o] w7
* & g qu/ﬂ Aeold 4= AdF Ut & 5] oo A args:

W A

ool Lol A4 AA g Kloh

o] &l

[def func (*args, **kwargs) :

J

s 7HA-ZI ) = (var-keyword): (th& Wl 7| =5 ol s A o m] ol5 o] X 7] = Q1 AFEof] Tl 3l)

AZE 5 9 999 A4 ANE ARES QAT o)A v v
2 grofl 2ol A FolF 4 EUTh E Sof 919 o)A kwargs.

A ol 5o
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b=/

A4

o
]

WS A A QRS2 98 7R ke ok ek AlH 4 o] 7

-

25 A%E

[

)3

<
= 2

Q1 =} *‘10321 G, o zpe} uf M= 2] zfojof 1} 2= FAQ Z &, inspect.Parameter &2,
function &, PEP 362% X A 8.

path entry (7 2 I E2])
AE 7MY 7t A2 E F BESS 27 As) Faste drE J2 A she 4.
path entry finder (3 2 Sl E 2] 5} 2lt])

sys.path_hooks | ¢l =
ZREZS ZFE=UYS ST IdF UL

A% A=e shelH Eo] A T

path entry hook (F £ Q2] &)
A callable on the sys.path_hooks list which returns a path entry finder if it knows how to find modules
on a specific path entry.

path based finder (73 2 7]4} 3}¢1 )
712 v e A& 9kl e = F o], J 2 E AR oA RES ZFUTH

path-like object (7 27 A A)
FI A 2" 422 dee A4 427 AAE 225 dehdE str U bytes A0 AL
os.PathLike ZREZE 7 AAYUTh os.Pathlike ZREZ S AWt AAE
os.fspath() T4 E TE A str Ubytes FL A28 A2z HEE 4 J5U T thAl os
fsdecode () & os.fsencode () € Z4Z str Ubytes 2345 BAst=d A2 + 54

PEP 5192 = YH A5 Yt}
PEP

x
I

E& importlib.abc.PathEntryFinder o Y34t}

sho] 4 )41 A k. PEP= shol 8 AR E) ol 458 AF81A 1 sho] 1 m2 A4 s B
of 3t A =2 /)5S AW st A BAUTh PEPE A HE 750 thak 1A /)% AFY

A AT o ek

PEP+= 8 M2 7|5 At Ao st AFYE I
AAE BEAR UJ%ﬂH?&ﬂ%lﬂlﬂ\% =
Hio o] A4S FAE & A Qo] T
PEP 1 Iz 34 L.

o] Aol Soj 7t A7
AA Bel S 723

248

portion (Z A1)
PEP 420 o 4] 2] 3 A5 2, o] 2 57+ 57 Aol o] uk A 3k Bkl Tl e o] Sof 9l 5kl
3k (zip Lol AFE = A% 7Hsdyh.

positional argument (9] X] <12}
Az E HA L.

provisional API (ZF7 API)

T API= %E ol B e]d] A 338 HFo g HE AFs Ald Ayt g o] 29
2 WS S AL %, 3R A0l 551 T 20 ATl YRstein A dee
37 53] 4757 e W0 dolg 2 gk 14 b4 0% ofit

o
- = —
T &2 AdUT —APIE 2 F3517] Aol 3 Fista 22 A Ao dAad Ff-ovt dold

il

9

provisional package (79754 ) 7] Z])
FHAPLE BA L

Python 3000 (=} o] 41 3000)
shol 2 3.x WhE ehele] W (w4 39) w7} W m)efe] olok] |l Al Ao] WS o] K] o] Folth) o] 2
2 “Py3k” 2 B o] 27| Fth.
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Pythonic (=} 0] A}h$)
q oﬂ/ﬂ Ohﬂ].;q o] 7 Hlé
P R
for & AMESIA olHHEY B
TAEC] RoBE, oo %

FA 3= thAl, Fho] A A of o Al 7HF ZFE A}
S 501, Fol Mol A ApF 2 oy Y2

%gﬁi-?—%ﬂ% 29Ut e B dojoll= o] TR

SHA] b2 AFEEL Aol A} FELEHE A S = T

{for i in range(len(food)) : }

print (food[i])

o 2, shol ke WL ol %y

{for piece in food: J

print (piece)

qualified name (3 1+3}€ o] &)
25 A 23z A B Eol 49 H
TH2H o] Z. PEP 3155 o A Aol gt}
o1 g7 Tk

>>> class C:
class D:
def meth (self):
pass

N

o), B4, VIS o2 A RS HolF
249 et 2o ae) Ao, A73HE o] &

>>> C._ _qualname_
ICI
>>> C.D.__gqualname_

>>> C.D.meth. qgualname_

J

BEES 7le) 7| = AFRE uf, &4 AF3H o) = (fully qualified name) S RE 2R 37| A &5
23 RER 7= @33 1_‘“4 A o5 g Eth dE %Oi,emall.mlme.text:

>>> import email.mime.text
>>> email.mime.text. name
'email .mime.text'

reference count (22 314)
The number of references to an object. When the reference count of an object drops to zero, it is deallocated.
Some objects are “immortal” and have reference counts that are never modified, and therefore the objects are
never deallocated. Reference counting is generally not visible to Python code, but it is a key element of the
CPython implementation. Programmers can call the sys . getrefcount () function to return the reference
count for a particular object.

regular package (3 7] #])
__init__.py SIS EFeh= v EH o 22 AF A 7] AL
ol 77 A & HA L.

__slots__
S YWFHY AAAH, A2HA o ERRESS AT IS g AAsta d2d A g qel &
AATezN WRe|E F7ote BHE FUTH A7) 7€ SHA R, o] Hla2 92 SHkEA| AFE-5}
7] 7} & 72 dolehd], Mu o] Wet §8 22 Aol B o datat gl SE

22 fgas Ao Fauth

sequence (X] @A)
An iterable which supports efficient element access using integer indices via the _ getitem__ () spe-
cial method and defines a __len__ () method that returns the length of the sequence. Some built-in se-
quence types are 1ist, str, tuple, and bytes. Note that dict also supports __getitem__ () and
__len__ (), butisconsidered a mapping rather than a sequence because the lookups use arbitrary immutable
keys rather than integers.
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The collections.abc.Sequence abstract base class defines a much richer interface that goes be-
yond just __getitem__ () and __len__ (), adding count (), index (), __contains__ (), and
__reversed__ (). Types that implement this expanded interface can be registered explicitly using
register (). For more documentation on sequence methods generally, see Common Sequence Operations.

set comprehension (3 A = 23 A)
olHHE Y& 84 AAY LR E At 2RE F2 AT
= {c for c in 'abracadabra' if c not in 'abc'}= Exd9 AHS {'r', 'd"} E
A 43 g T} comprehensions2 ZHZ 3 Al L.

single dispatch (2 t] A 3) x])
T3 o] ke AR Fof| 7|z A AAREE Al o o] X9 3 FH.
slice (&2}o]2)
25 A2 o QR LI A, Sofolok 8 238
variable_name[1:3:5] 2§, [1 StollA] o8] 7] A& &
2aFE)R7|HE YR Ado=w sllce AAE AU

special method (54~ WA &)

ghol#lo] ol oW AL, QWA 2L, AAF w] BN AOR FEHE WAS, o]d HASE
Mol Wz 2 A AHala Bt o 58 21 95U Th 54 A = specialnames o) FA 2 ¥H5 0] A

RcASlEN

statement (=3})
e 29 E (ZE “BE (block)”) & FATE BEAUTL 42 234 oAU A9 =E
AHESte o8] 7HA 2 E FY stud Yttt 719 if, while, for.

static type checker
An external tool that reads Python code and analyzes it, looking for issues such as incorrect types. See also
type hints and the t yping module.

strong reference
In Python’s C API, a strong reference is a reference to an object which is owned by the code holding the
reference. The strong reference is taken by calling Py_ INCREF () when the reference is created and released
with Py_DECREF () when the reference is deleted.

The Py_NewRef () function can be used to create a strong reference to an object. Usually, the
Py_DECREF () function must be called on the strong reference before exiting the scope of the strong refer-
ence, to avoid leaking one reference.

See also borrowed reference.

text encoding (8] A E 917 4))
A string in Python is a sequence of Unicode code points (in range U+0000-U+10FFFF). To store or transfer
a string, it needs to be serialized as a sequence of bytes.

Serializing a string into a sequence of bytes is known as “encoding”, and recreating the string from the sequence
of bytes is known as “decoding”.

There are a variety of different text serialization codecs, which are collectively referred to as “text encodings”.
text file (B A E 5} )

str AAE Q2 & 5 A= 3L A TF, H2E 52 AA R & vlo

014}\1]/\3].19]/\12 o] d%x].i;qab‘h/]\;} Eﬂ/\E _4_01_/] oﬂi‘—lﬂ

2 d9d 9y, sys.stdin, sys.stdout, i0.5tringIo & JA2EHAE

vho] Ed S AA & ¢al € e 3L AA o thal A& vhol el ©
triple-quoted string (2% w}-£- % ¥ £x}9)

mincw4ﬂ°ﬂ ()

752 AFHAE GA W, o] 7

S
m{n

S BAG. T e E SR SeAe BAGe g
A ol ol £E 7} Sl Th o] A0l H A e LS
g5 =S 5, Ad $AE 24 GUE ole 2o 4 5

30,
ofy —1
Ly
g
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type (%)
tol A A S| P2 17 o] o] FFY
P2 _ class__olE ﬂw‘?—EE o

type alias (g o | o] 2)

B A atel i ste] M AL P Fol.

P ol delojat & A= dedots ol F 8P o2 59
rdef remove_gray_shades (

colors: list[tuple[int, int, int]]) -> list[tuplel[int, int, int]]:
pass

AAAS 2AF U ZE AA = Fol dsunh AA <

=

o= 2ol o &7 9 e 5 dsuth

Color = tuple[int, int, int]

def remove_gray_shades (colors: list[Color]) —-> list[Color]:
pass

o] 7158 A3t typingd PEP 4845 2314 S
type hint (& 31 E )
He, Fa o EGRHE D 34 w7 H 4= L} 93 3o 7| oiE & 3-& XA 8k o wE o] 4.

Type hints are optional and are not enforced by Python but they are useful to static type checkers. They can
also aid IDEs with code completion and refactoring.

A Aes AYdsta, A9 Hg, SH2 JERE 9 F59 F FE+ typing.
get_type_hints () & AFE8t] AM 2T - S5t
=

o] 7= A8t typingd} PEP 4845 3

g

A

.?o

universal newlines (f-UH A & J7)
q%ﬂ@%ﬁggECZAIWEQMWP-ﬂAEiE%%g
Z]"?\:]_'a] '"\n', '{:]_E—?—.E -{:]_’Ezﬂ \r\n', ]Z(j_,] UHZ]_E/\] :7‘:]_.3:“ "\r'. _'i__7‘l_7_q?_ /\]’%
bytes.splitlines () %} ol e} PEP 278 £} PEP 3116 = E A 8.

variable annotation (] LHo]A)
He e Fda 01 g RHEY of o]

W e SR oERRE B olde 2wl o d2 A8 A YUt

class C:
field: 'annotation'
WS olieElolde dulgor o Y= AHGHUTh 8 o), o] WSt int S AL A0R
e o
[count: int = 0 }

W o] o] A B2 A A annassign o A A ™ gt

See function annotation, PEP 484 and PEP 526, which describe this functionality. Also see annotations-howto
for best practices on working with annotations.

virtual environment (7} 2+7)
slo]| W AL & 219} 28 =7 ;o] e }\]/\8101]}\-1 AN E = o2 oM S8 =7 TS o] £ 2o
VS FA FowA, Fol HH+ H7NAEE AAFAY A =S
dggoz Aud 49 87,

venv & HA| Q.

virtual machine (Z}4} 7] A))
sz EYolvtog FoH AFH. go] e 7H4} 71 A= vlo| E T Huld e 7t 8t vlol =

T APt
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Zen of Python (=}o] % Al)
hol A Tz}l g e A5 S5, A& ol stal AHE ot ol =& o] HUTh o] 552
t3}e ZEZEo|X “import this” & Y3t EYUth
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o] A Aol &3}

o] A A& reStructuredText 2280 A TS0 X Ao 2 Jlo]M AHAE 93] EH3) A2
2l Sphinx & AH&- 5 U T
A A e} o] & A5 EA QA LS sho] A A o} v A = A A 0 &2 A B AR =g g U T 7] of 5t
3 AT, o Wby ol tf 3 A B = reporting-bugs 3| 0] A & F LA Al 2. A 22 AL F AR AL
i
e o)A Be s =gy

* Fred L. Drake, Jr., 92} 3}o]d A A = F39te] AR o)A @& 2Rl =9 27}

* the Docutils project for creating reStructuredText and the Docutils suite;

* Fredrik Lundh for his Alternative Python Reference project from which Sphinx got many good ideas.

B.1 slo]d AwAle] THAES

B2 Abgho] shol A o], shola F gholB e e Yl shol Aol 715t 7] o] Ak FE A Q)
22 glo]y £ Wi ] Misc/ACKS & FZ M Al L
stolzdo] o] & B X A
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appeENDIX C

oA A9} o] Al

CA 2zEgeld o4

g}o] -2 ABCgt:= Qo] o] T A A& 4] v 2HE 9] Stichting Mathematisch Centrum (CWI https://www.cwi.nl/
2+ %) 2] Guido van Rossum©l] 9] 3l 1990 o] Zuko]l W& o] F <5 Uth Tlo| Mo = thE2 AlgE9) W 23]
o] 2= A v, Guido= Tho] # o] 8 AR} o} 9) A»]D}

1995, Guido+= Virginia 2] Reston Oﬂ @)= Corporation for National Research Initiatives(CNRI, https://www.cnri.

reston.va.us/ Frx) ol A zho] x 24 74] a1, o] oA oy AL AZEAE SAYFYTH

200049 59, Guido&} 3}o] A & /\\3] 7H 2 2 BeOpen.com 2 2 -& 7 4] BeOpen PythonLabs ¥ & T4 35
Yt} 22 3 104, PythonLabs B -2 Digital Creations( & 2] Zope Corporation; https://www.zope.org/ Z+Z) 2
A5 YTE 2001 d, ko] A a3z E 9 o] A H(PSF, https://www.python.org/psf/ 3FZ) o] A HE A5t}
o] A= Fol W #HEH XA AAHES A7 EE EH5] AHE 89 23F Y Yt} Zope Corporation-=
PSFe] .91 5 921U oh.

BE gpo|p w232 I A2 YUTH(F N & oo ths A= https://opensource.org/E & 314
). AR, L (SHA v AN obdUTh Thel 2 Wi £2H-2 GPLF} B8P LT ofele] Et
chore e 2 oke AU

EE e 287 GPL =3}

09.0~12 n/a 1991-1995 CWI yes

13~152 1.2 1995-1999 CNRI yes

1.6 1.5.2 2000 CNRI no

2.0 1.6 2000 BeOpen.com no

1.6.1 1.6 2001 CNRI no

2.1 2.0+1.6.1 2001 PSF no

2.0.1 2.0+1.6.1 2001 PSF yes

2.1.1 2.1+2.0.1 2001 PSF yes

212 2.1.1 2002 PSF yes

2.1.3 2.1.2 2002 PSF yes

2.2 o)A 2.1.1 2001-d#] PSF yes

Y
B
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GPL¥} 3T AL 927 GPLE sho] A2 MERTH A2 o m sk A& F&Uch ZE shol
ehol Al GPLI} Do) o H 2o WAL 3/ £ UEA a4 WAL WES S A Ty
o). GPL 53 2ol il 2% Sho] 13} GPL ol R&H Th2 £z =901 8 A 4+ YA U Th e

A2 28A Fsynh

Guido®] A 5}o] o] M ZE 74557 THE BE 93 AARAAS A A= T,

C.2 shol 4ol AA A8 AU A18517] 1% o] & oF

B>

ZE o]} A A= PSF License Agreement©l] w2} o] Al A~ 71 Ho H U},

ﬂ-

ulo] W 3.8.6 5 E, A A9 oA, Z2]¥ B 7] E} T == PSF License Agreement 2} Zero-Clause BSD license©]|
we} o 5 2ho] Al 27k H ol H U o,

Sol Wol S A 42 Ego]ol OhE ol sk A& LItk o] st o kol Aol 5
£ RTS8 LB UL ol e Shol A4S BAAT B £ 9 4= =9 ofo] T2 eho] 41
Sog AralqAL.

C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.12.4

1. This LICENSE AGREEMENT is between the Python Software Foundation.
—~ ("PSEF"), and

the Individual or Organization ("Licensee") accessing and otherwise.
—using Python

3.12.4 software in source or binary form and its associated.
—documentation.

2. Subject to the terms and conditions of this License Agreement, PSF._
—hereby

grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,

analyze, test, perform and/or display publicly, prepare derivative.
—works,

distribute, and otherwise use Python 3.12.4 alone or in any derivative

version, provided, however, that PSF's License Agreement and PSF's.
—notice of

copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All_
—Rights

Reserved" are retained in Python 3.12.4 alone or in any derivative.
—version

prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.12.4 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

—hereby
agrees to include in any such work a brief summary of the changes made.

—~to Python
3.12.4.

4. PSF is making Python 3.12.4 available to Licensee on an "AS IS" basis.
PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY.
—OF
EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY..
—REPRESENTATION OR
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WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR.
—THAT THE
USE OF PYTHON 3.12.4 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.12.4

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A.
—RESULT OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.12.4, OR ANY.
—DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOEF.

6. This License Agreement will automatically terminate upon a material.
—breach of
its terms and conditions.

7. Nothing in this License Agreement shall be deemed to create any.
—relationship

of agency, partnership, or joint venture between PSF and Licensee. .
—This License

Agreement does not grant permission to use PSF trademarks or trade name.
—~in a

trademark sense to endorse or promote products or services of Licensee, .
—O0or any

third party.

8. By copying, installing or otherwise using Python 3.12.4, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0

BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

1. This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at
160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or Organization
("Licensee") accessing and otherwise using this software in source or binary
form and its associated documentation ("the Software").

2. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the
Software, alone or in any derivative version prepared by Licensee.

3. BeOpen is making the Software available to Licensee on an "AS IS" basis.
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOF.

5. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

6. This License Agreement shall be governed by and interpreted in all respects
(Th5 # o] A ol A<
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by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

7. By copying, installing or otherwise using the software, Licensee agrees to be
bound by the terms and conditions of this License Agreement.

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

1. This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

2. Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
internet using the following URL: http://hdl.handle.net/1895.22/1013."

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to
include in any such work a brief summary of the changes made to Python 1.6.1.

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python

(Th= ol Aol A%
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1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

C.2.4 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted, provided that
the above copyright notice appear in all copies and that both that copyright
notice and this permission notice appear in supporting documentation, and that
the name of Stichting Mathematisch Centrum or CWI not be used in advertising or
publicity pertaining to distribution of the software without specific, written
prior permission.

STICHTING MATHEMATISCH CENTRUM DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN NO
EVENT SHALL STICHTING MATHEMATISCH CENTRUM BE LIABLE FOR ANY SPECIAL, INDIRECT
OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE,
DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE .

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.12.4 DOCU-
MENTATION

Permission to use, copy, modify, and/or distribute this software for any
purpose with or without fee is hereby granted.

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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The _random C extension underlying the random module includes code based on a download from http:
/lwww.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html. The following are the verbatim com-
ments from the original code:

A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand (seed)
or init_by_array(init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written
permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)
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C.3.2 27

The socket module uses the functions, getaddrinfo (), and getnameinfo (), which are coded in separate
source files from the WIDE Project, https://www.wide.ad.jp/.

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software
without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS " "AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.3 vlE7] &7 A

[>

The test.support.asynchat and test . support.asyncore modules contain the following notice:

Copyright 1996 by Sam Rushing
All Rights Reserved

Permission to use, copy, modify, and distribute this software and
its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of Sam
Rushing not be used in advertising or publicity pertaining to
distribution of the software without specific, written prior
permission.

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

%
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Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>
All Rights Reserved

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy O'Malley not be used in advertising or publicity

pertaining to distribution of the software without specific, written
prior permission.

Timothy O'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy O'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

C.3.5 A3 >3

trace BEL U2 2 39 AL EFLH

portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.
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C.3.6 UUencode 4 UUdecode 3+

wu BEL The 3 2 79 S EPTh

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:

— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

- Arguments more compliant with Python standard

C3.7 XML YA Z==2AA 5&

xmlrpe.client RES TheT 22 29 A3 e

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

Permission to use, copy, modify, and distribute this software and
its associated documentation for any purpose and without fee is
hereby granted, provided that the above copyright notice appears in
all copies, and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Secret Labs AB or the author not be used in advertising or publicity
pertaining to distribution of the software without specific, written
prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. 1IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

%
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C.3.8 test_epoll

The test.test_epoll module contains the following notice:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select BE-S kqueue S1E 3] o] 2o thal THe 3} 22 39 AlgHS ERFU T

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "~ "AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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C.3.10 SipHash24

39 python/pyhash. ¢ ¢+ Dan Bernstein ®] SipHash24 €17 2] = 2] Marek Majkowski 2] =& o] 3Z 35| of
AFUTH 7)o &= a3 22 W§o] Z3E o 5T

<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
all copies or substantial portions of the Software.
</MIT License>

Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1ittle)
djb (supercop/crypto_auth/siphash24/little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod £} dtoa

The file Python/dtoa. ¢, which supplies C functions dtoa and strtod for conversion of C doubles to and from
strings, is derived from the file of the same name by David M. Gay, currently available from https://web.archive.org/
web/20220517033456/http://www.netlib.org/fp/dtoa.c. The original file, as retrieved on March 16, 2009, contains
the following copyright and licensing notice:

/****************************************************************
*
* The author of this software is David M. Gay.
*
* Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

Permission to use, copy, modify, and distribute this software for any
purpose without fee is hereby granted, provided that this entire notice
is included in all copies of any software which is or includes a copy
or modification of this software and in all copies of the supporting
documentation for such software.

E

E O

*
* THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
* WARRANTY. 1IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

*

**************************************************************/

C3. = Lz e oo thF o]l A g 52l 147

%


https://web.archive.org/web/20220517033456/http://www.netlib.org/fp/dtoa.c
https://web.archive.org/web/20220517033456/http://www.netlib.org/fp/dtoa.c

Python Tutorial, ¥2] £ 3.124

C.3.12 OpenSSL

The modules hashlib, posix, ssl, crypt use the OpenSSL library for added performance if made available
by the operating system. Additionally, the Windows and macOS installers for Python may include a copy of the
OpenSSL libraries, so we include a copy of the OpenSSL license here. For the OpenSSL 3.0 release, and later
releases derived from that, the Apache License v2 applies:

Apache License
Version 2.0, January 2004
https://www.apache.org/licenses/

TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

1.

Definitions.

"License" shall mean the terms and conditions for use, reproduction,
and distribution as defined by Sections 1 through 9 of this document.

"Licensor" shall mean the copyright owner or entity authorized by
the copyright owner that is granting the License.

"Legal Entity" shall mean the union of the acting entity and all
other entities that control, are controlled by, or are under common
control with that entity. For the purposes of this definition,
"control" means (i) the power, direct or indirect, to cause the
direction or management of such entity, whether by contract or
otherwise, or (ii) ownership of fifty percent (50%) or more of the
outstanding shares, or (iii) beneficial ownership of such entity.

"You" (or "Your") shall mean an individual or Legal Entity
exercising permissions granted by this License.

"Source" form shall mean the preferred form for making modifications,
including but not limited to software source code, documentation
source, and configuration files.

"Object" form shall mean any form resulting from mechanical
transformation or translation of a Source form, including but
not limited to compiled object code, generated documentation,
and conversions to other media types.

"Work" shall mean the work of authorship, whether in Source or
Object form, made available under the License, as indicated by a
copyright notice that is included in or attached to the work

(an example is provided in the Appendix below) .

"Derivative Works" shall mean any work, whether in Source or Object
form, that is based on (or derived from) the Work and for which the
editorial revisions, annotations, elaborations, or other modifications
represent, as a whole, an original work of authorship. For the purposes
of this License, Derivative Works shall not include works that remain
separable from, or merely link (or bind by name) to the interfaces of,
the Work and Derivative Works thereof.

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

to that Work or Derivative Works thereof, that is intentionally
submitted to Licensor for inclusion in the Work by the copyright owner
or by an individual or Legal Entity authorized to submit on behalf of
the copyright owner. For the purposes of this definition, "submitted"
means any form of electronic, verbal, or written communication sent

to the Licensor or its representatives, including but not limited to

(Th& s o] A ol A<%)
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communication on electronic mailing lists, source code control systems,
and issue tracking systems that are managed by, or on behalf of, the
Licensor for the purpose of discussing and improving the Work, but
excluding communication that is conspicuously marked or otherwise
designated in writing by the copyright owner as "Not a Contribution."

"Contributor" shall mean Licensor and any individual or Legal Entity
on behalf of whom a Contribution has been received by Licensor and
subsequently incorporated within the Work.

Grant of Copyright License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
copyright license to reproduce, prepare Derivative Works of,
publicly display, publicly perform, sublicense, and distribute the
Work and such Derivative Works in Source or Object form.

Grant of Patent License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
(except as stated in this section) patent license to make, have made,
use, offer to sell, sell, import, and otherwise transfer the Work,
where such license applies only to those patent claims licensable
by such Contributor that are necessarily infringed by their
Contribution(s) alone or by combination of their Contribution(s)
with the Work to which such Contribution(s) was submitted. If You
institute patent litigation against any entity (including a
cross—claim or counterclaim in a lawsuit) alleging that the Work
or a Contribution incorporated within the Work constitutes direct
or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate

as of the date such litigation is filed.

Redistribution. You may reproduce and distribute copies of the
Work or Derivative Works thereof in any medium, with or without
modifications, and in Source or Object form, provided that You
meet the following conditions:

(a) You must give any other recipients of the Work or
Derivative Works a copy of this License; and

(b) You must cause any modified files to carry prominent notices
stating that You changed the files; and

(c) You must retain, in the Source form of any Derivative Works
that You distribute, all copyright, patent, trademark, and
attribution notices from the Source form of the Work,
excluding those notices that do not pertain to any part of
the Derivative Works; and

(d) If the Work includes a "NOTICE" text file as part of its
distribution, then any Derivative Works that You distribute must
include a readable copy of the attribution notices contained
within such NOTICE file, excluding those notices that do not
pertain to any part of the Derivative Works, in at least one
of the following places: within a NOTICE text file distributed
as part of the Derivative Works; within the Source form or
documentation, if provided along with the Derivative Works; or,
within a display generated by the Derivative Works, if and
wherever such third-party notices normally appear. The contents
of the NOTICE file are for informational purposes only and
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do not modify the License. You may add Your own attribution
notices within Derivative Works that You distribute, alongside
or as an addendum to the NOTICE text from the Work, provided
that such additional attribution notices cannot be construed
as modifying the License.

You may add Your own copyright statement to Your modifications and
may provide additional or different license terms and conditions
for use, reproduction, or distribution of Your modifications, or
for any such Derivative Works as a whole, provided Your use,
reproduction, and distribution of the Work otherwise complies with
the conditions stated in this License.

5. Submission of Contributions. Unless You explicitly state otherwise,
any Contribution intentionally submitted for inclusion in the Work
by You to the Licensor shall be under the terms and conditions of
this License, without any additional terms or conditions.
Notwithstanding the above, nothing herein shall supersede or modify
the terms of any separate license agreement you may have executed
with Licensor regarding such Contributions.

6. Trademarks. This License does not grant permission to use the trade
names, trademarks, service marks, or product names of the Licensor,
except as required for reasonable and customary use in describing the
origin of the Work and reproducing the content of the NOTICE file.

7. Disclaimer of Warranty. Unless required by applicable law or
agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any
risks associated with Your exercise of permissions under this License.

8. Limitation of Liability. In no event and under no legal theory,
whether in tort (including negligence), contract, or otherwise,
unless required by applicable law (such as deliberate and grossly
negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special,
incidental, or consequential damages of any character arising as a
result of this License or out of the use or inability to use the
Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all
other commercial damages or losses), even if such Contributor
has been advised of the possibility of such damages.

9. Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,
and charge a fee for, acceptance of support, warranty, indemnity,
or other liability obligations and/or rights consistent with this
License. However, in accepting such obligations, You may act only
on Your own behalf and on Your sole responsibility, not on behalf
of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason
of your accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS
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C.3.13 expat

The pyexpat extension is built using an included copy of the expat sources unless the build is configured
—-with-system-expat:

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.14 libffi

The _ctypes C extension underlying the ct ypes module is built using an included copy of the libffi sources unless
the build is configured ——with-system-1ibffi:

Copyright (c) 1996-2008 Red Hat, Inc and others.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
‘*Software''), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED " "AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.
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C.3.15 zlib
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Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be

appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be

misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash

tracemalloc o] &J&l AFR T = 3fA] H o] &9 8L cfuhash ZZAEE 7|ulo 7 ghr}:

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above
copyright notice, this list of conditions and the following
disclaimer in the documentation and/or other materials provided
with the distribution.

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived
from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR

(Th& sl o] A ol A<%)
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SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.17 libmpdec

The _decimal Cextension underlying the decimal module is built using an included copy of the libmpdec library
unless the build is configured ——with-system-libmpdec:

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.18 W3C C14N H|2E 2~ 9| E

The C14N 2.0 test suite in the test package (Lib/test/xmltestdata/c14n-20/) was retrieved from the
W3C website at https://www.w3.org/TR/xml-c14n2-testcases/ and is distributed under the 3-clause BSD license:

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
All Rights Reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of works must retain the original copyright notice,

this list of conditions and the following disclaimer.

Redistributions in binary form must reproduce the original copyright

notice, this list of conditions and the following disclaimer in the

documentation and/or other materials provided with the distribution.

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.
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THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.19 Audioop

The audioop module uses the code base in g771.c file of the SoX project. https://sourceforge.net/projects/sox/files/
sox/12.17.7/sox-12.17.7 .tar.gz

This source code is a product of Sun Microsystems, Inc. and is provided for unrestricted use. Users may
copy or modify this source code without charge.

SUN SOURCE CODE IS PROVIDED AS IS WITH NO WARRANTIES OF ANY KIND INCLUD-
ING THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A PARTICU-
LAR PURPOSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR TRADE PRAC-
TICE.

Sun source code is provided with no support and without any obligation on the part of Sun Microsystems,
Inc. to assist in its use, correction, modification or enhancement.

SUN MICROSYSTEMS, INC. SHALL HAVE NO LIABILITY WITH RESPECT TO THE IN-
FRINGEMENT OF COPYRIGHTS, TRADE SECRETS OR ANY PATENTS BY THIS SOFTWARE
OR ANY PART THEREOF.

In no event will Sun Microsystems, Inc. be liable for any lost revenue or profits or other special, indirect
and consequential damages, even if Sun has been advised of the possibility of such damages.

Sun Microsystems, Inc. 2550 Garcia Avenue Mountain View, California 94043

C.3.20 asyncio

Parts of the asyncio module are incorporated from uvloop 0.16, which is distributed under the MIT license:

Copyright (c) 2015-2021 MagicStack Inc. http://magic.io

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION

(= sl o] Al el A%)

154 Appendix C. S x}¢} glo]Al A


https://sourceforge.net/projects/sox/files/sox/12.17.7/sox-12.17.7.tar.gz
https://sourceforge.net/projects/sox/files/sox/12.17.7/sox-12.17.7.tar.gz
https://github.com/MagicStack/uvloop/tree/v0.16.0

Python Tutorial, @8] £ 3.124

(o1 sl o] Al el A A%
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C3. = Lz e oo thF o]l A g 52l 155



Python Tutorial, ¥2] £ 3.124

156 Appendix C. & x}¢} glo] A A



APPENDIX D

sho] 3} o] WA
Copyright © 2001-2023 Python Software Foundation. All rights reserved.

Copyright © 2000 BeOpen.com. All rights reserved.

Copyright © 1995-2000 Corporation for National Research Initiatives. All rights reserved.
Copyright © 1991-1995 Stichting Mathematisch Centrum. All rights reserved.
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